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CHAPTER 1. GENERAL INTRODUCTION 
INTRODUCTION 
Contamination · of surface and ground water from nitrate-nitrogen (NO3-N) is a 
growing problem in agricultural watersheds. Nitrogen management in com-soybean 
production system has become increasingly important because of the large N requirements 
for com. Increased use of nitrogen fertilizer can potentially contribute to elevated levels of 
NO3'"N in the surface and ground water (Baker and Johnson, 1984; Kanwar et al. 1997; Gast 
et al., 1978, Timmons and Dylla, 1981) which may subsequently influence human and 
animal health (Hill· et al., 1973). In particular, subsurface drainage systems can: provide 
potential pathways for rapid movement ofNO3-N into surface.water (Gast et al., 1978; Liang 
and MacKenzie, 1992). Prediction of the amount of NO3-N lost to ground water and 
assessment of factors contributing to this loss would be helpful in minimizing NO3-N losses 
to water resources. 
The movement ofNO3-N with subsurface drainage effluents is controlled by a 
number of factors including rainfall amount and its distribution over the landscape, the rate 
of water infiltration into soil, water table depth, amount of residual soil nitrate (RSN) in the 
soil, the rate of mineralization of soil organic N, fertilizer N application, and the rate at which 
N is removed from the soil by processes such as plant uptake, denitrification and ammonia 
volatilization (Hallberg, 1986; Bergstorm, 1987; Randall and Iragavarapu, 1995; Kladivko et 
al., 1991). Several studies have reported soil NO3-N concentration accumulation at about 1-m 
soil depth (Gast et al., 1978; Jokela and Randall, 1989; Randall, 1990). The amount ofNO3-
N leached from the root zone of com-soybean fields has been identified as the principal 
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source of the nitrate contamination problem (Klocke et al., 1999). Since subsurface drains lie 
within the vicinity of root zone depth, the RSN in the root zone may be the critical 
contributor to N03-N loss with subsurface drain water. 
The best management practices (BMP's) for efficient use of nitrogen fertilizer are 
being promoted to reduce N03-N losses to groundwater. However, it is not clear whether 
implementation of presently designed BMP's will be sufficient to maintain N03-N levels in 
groundwater at or below the maximum contaminant level (MCL). A possible alternative may 
be to switch from continuous com to com soybean rotation where less N fertilizer is applied. 
However, substantial N03-N leaching loss has been reported under com soybean rotation 
system also (Logan et al., 1994; Owens et al., 1995; Kanwar et al., 1997; Katupitiya et al., 
1997; Randall et al., 1997). Moreover, Klocke et al. (1999) found 75% higher N03~N 
leaching loss from com soybean rotation than from a continuous com planting system. These 
phenomenons predict the amount ofN03-N lost and identify factors, which would be helpful 
in minimizing N03-N losses to water resources. Not much research information is available 
on the relationship between the RSN in the root zone and N03-N lost with subsurface drain 
water. Therefore, this study was conducted to investigate the contribution ofRSN at different 
soil depths to N03-N loss with subsurface drain water under continuous com and com 
soybean rotation system. The specific objective of the study was to investigate the effect of 
rainfall and RSN on N03-N loss with subsurface drain water under continuous com and com-
soybean production systems. 
THESIS ORGANIZATION 
This thesis reports the effect ofRSN in root zone on N03-N loss with subsurface 
drain under continuous com and com soybean production system. The entire thesis is divided 
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into four chapters.' The thesis has been written in paper format and consists of two papers 
written in a format suitable for submission for publication to technical journal. 
Chapter one includes a general introduction to the research topic, objectives of the 
research study, and explains the organization of the thesis and literature review. Chapter 2 
and Chapter 3 present one paper each covering specific objectives. 
The first paper in Chapter two describes the effect of rainfall and the residual soil 
nitrogen (RSN) on NO3-N loss with subsurface drain water under continuous com production 
system. This chapter includes.abstract, introduction, materials and methods, results and 
discussion, conclusion, and references. Second paper in chapter three describes the effect of 
rainfall and the residual soil nitrogen (RSN) on NO3-N loss with subsurface drain water 
under com soybean rotation system. Finally, the fourth chapter summarizes the overall 
conclusions of the study and suggests for future recommendations. 
LITERATURE REVIEW 
The amount NO3-N leached from the root zone, under com-soybean production 
systems, has been identified as principal source of the nitrate contamination of surface and 
groundwater resources (Klocke et. al., 1999). · 
Cropping Systems Effect on Residual Soil Nitrate-N 
Several studies conducted in Nebraska have reported larger amounts of residual soil 
nitrate (RSN) in soil profile and a greater proportion the RSN accumulated near the surface. 
For example, Herron et al. (1971) studied the residual mineral N accumulation in soil and its 
utilization by irrigated com in eastern Nebraska. Substantial amount ofN mineralization in 
the top 180-cm soil profile, with moderate to heavy fertilizer application rates despite high 
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crop yields, was noted. The high RSN near the surface suggested that NO3-N loss was more 
likely to occur through denitrification and leaching in early spring months when crops were 
not utilizing Nat higher rate. These results indicated the feasibility of testing soils for NO3-N 
plus N!Li-N to some reasonable depth such as 60-90 cm for better evaluating fertilizer 
requirements. 
Gast et al. (1978) investigated the accumulation ofNO3-N in soil and NO3-N losses 
from a tile drained Webster clay loam soil following nitrogen application to continuous com 
and found that the tendency of nitrate accumulation was initially in top 30 cm in the 
beginning part of the growing season. In general, they observed maximum NO3-N 
accumulation in top 1.0 m with a little evidence ofNO3-N movement below 2.2 m depth. 
Another study conducted by Bigeriego et al. (1979) in Nebraska on uptake, translocation and 
utilization of !SN-Depleted fertilizer in irrigated com showed that RSN accumulation in 30-
to 60- cm depth at planting time application ofN fertilizer. In Eastern Nebraska, Russelle et 
al. (1981) assessed the effect of water and N management on !SN-Depleted fertilizer use 
efficiency of irrigated com and found more mineral N in the upper 60 cm of soil profile after 
harvesting. Randall et al. (1997) reported initial NO3-N accumulation in top 30 cm at same 
site particularly in the row crop systems. Furthermore, tilling the land lead to greater 
mineralization of soil organic matter. In their previous studies, Randall (1990) and Randall 
and Iragavarapu (1995), studied the effect of tillage on NO3-N accumulation in soil profile 
and found higher NO3-N accumulation under chisel plow system compared to the no till 
system. No till system accounted for only 30% of the NO3-N contained in the top 1.5 m soil 
profile under the conventional tillage system. 
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Varvel and Peterson (1990) investigated the effect of continuous, two-year and four-
year crop rotation systems on RSN in Nebraska. The results of the study indicated that N 
immobilization by crop residues and soil organic matter, not leaching, was most probably 
responsible for apparent N losses under different cropping systems. 
Varshney et al. (1993) also reported decreasing trend ofNO3-N with depth under 
continuous com production system conducted in mid western Iowa. According to this study, 
more RSN was found to have accumulated in the top 60 cm of the soil profile under 
conventional tillage system than under no tillage system. Jokela and Randall (1989) studied 
the effect of time and rate ofN application on RSN in Southern Minnesota and found 
consistent increase in RSN during fall after delayed N fertilizer application and this increase 
occurred particularly in the upper 60 cm of profile. The decrease was found in RSN levels 
between the fall through spring (winter months). 
Maclean (1977) investigated movement ofN through soil profile under different 
cropping systems for two soils in Canada and found considerably higher RSN in the com 
plots and particularly in the top 15 cm of soil surface during fall followed by a subsequently 
large reduction in spring. Staver and Brinsfield (1990) monitored soil NO3-N in Maryland 
and found that NO3-N levels in the top 30 cm of the soil profile exceeded 10 mg/kg on a dry 
soil basis and declined steadily through late fall and winter. They noticed highest NO3-N 
levels in com production system during late summer as a result of fertilization and microbial 
release of organic N forms. Nitrification was observed after com NO3-N uptake ceased in 
late summer which resulted in elevated levels of soil NO3-N concentrations prior to the 
winter groundwater recharge period. 
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With the reduction in tilling intensity, less mixing of applied amendments and crop 
residue into the soil occurs. Thus there is an accumulation of surface applied fertilizer in the 
surface soil (Blevins et al., 1983). Tyler and Thomas (1977) found NO3-N losses to be higher 
in the early part of the growing season under no-till than in conventional tillage. Kanwar et 
al. (1985) investigated the NOyN movement through soil profile in relation to tillage system 
under com soybean rotation and found that 6 and 26% of total RSN in top 150 cm profile 
leached below this depth in no till and till plots, respectively, indicating the accumulation of 
NO3-N near the soil surface as well as within the root zone in no till plots. Owens et al. 
(1995) assessed NQ3.,.N leaching through lysimeters in a com-soybean rotation system. 
Result of this study suggested that highest concentration and greatest movement ofNO3-N . 
through soil occurred during February-April quarter. Concentrations and mass transport of 
NO3-N in soil profile were greater in the com plots than in soybean plots suggesting lesser 
NO3-N losses under com soybean than under continuous com production system. 
Katupitiya et al. (1997) studied long term effects of crop rotation in Nebraska on RSN 
in the crop root zone and NO3-N accumulation in the intermediate vadose zone (IVZ) and 
found that com soybean (CS) rotation system with ridge till and slot plant had greater NO3-N 
in the soil profile in comparison with continuous com. They found that continuous com had 
slightly higher NO3-N levels inIVZ in comparison with com soybean rotation. This may be 
the result of differences in the mineralization rates of com and soybean residue, and 
incorporation of residue with tillage. 
Cambardella et al. (1999) reported a decrease in soil profile NO3-N concentration 
with depth for fertilized com and soybean at Walnut Creek watershed in Central Iowa. They 
found higher soil NO3-N concentrations in top 30 cm under com than under soybean and in 
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late spring and early summer. However, soil NO3-N concentrations were same below 30 cm 
for fertilized com and soybean. 
NO3-N Loss with Subsurface Drain Water 
Randall et al. (1997) reported that average flow-weighted NO3-N concentration of 32 and 24 
mg L-I in subsurface drain water for continuous com and a com soybean rotation respectively 
in a six-year study in southwestern Minnesota. However, total N leaching losses were 
essentially equal to about 54.5 kg ha-I and 50.8 kg ha-I, respectively for the two cropping 
systems during the four wet years with significant drainage events. High drainage losses 
early in the season (March through mid June) were reported. These results suggested that 
com and soybean production system as the major contributor of surface and subsurface 
groundwater pollution. In their previous studies (Randall, 1990; Randall and Iragavarapu, 
1995), on the effects of tillage on NO3-N leaching losses, they found that higher NO3-N 
accumulation in the soil profiles of no tillage system in comparison with the conventional 
tillage system. 
Logan et al. (1994) in Ohio showed that a significant percentage of the NO3-N in tile 
flow was due to N carried over from the previous crop. In addition, they observed lower 
NO3-N concentration in tile water with no till than in plowed plots under both com and 
soybean crops. Kanwar et al. (1997) found that NO3-N leaching losses and NO3-N 
concentration in the subsurface drain water were, greater for continuous com as compared to 
either com or soybean rotation. Losses and concentration varied with tillage system. Under 
ridge-till, NO3-N loss from continuous com averaged 55 kg ha-I over three years, while under 
the rotation, the average NO3-N leaching loss was only 25 kg ha-I over three years. Flow 
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weighted NO3-N concentration in the subsurface drain water averaged 25 mg L-I for the two 
cropping systems. 
Klocke et al. (1999) examined NO3-N leaching in irrigated com and soybean in a 
semi-arid climate in Nebraska. Using current BMP's for N fertilizer and irrigation 
management, they found annual that NO3-N leaching loss from continuous com was 52 kg 
ha-I and 91 kg ha-I, respectively. 
Relationship between RSN and NO3-N Losses with Subsurface Drain 
· Water 
. . 
Gast et al. (1978) determined NO3-N loss in tile drainage following N application to 
continuous com for a tile drained Webster clay loam soil and found that NO3-N losses with 
tile water were 19, 25, 59, and 120 kg/ha for the 20, 112,224, and 448 kg N/ha applications, 
respectively. These N treatments resulted in NO3-N accumulation in the 0-3 m soil profiles of 
54, 100, 426, and 770 kg/ha, respectively. 
Randall and Iragavarapu (1995) in a study on a poorly drained fine textured soil in 
south central Minnesota found that NO3-N concentrations in drain outflow averaged 13.4 mg 
L-I over 11 years of measurement under continuous com with conventional tillage (CT). 
Leaching loss ofNO3-N averaged 43 kg ha-I, ranging from 139 kg ha-I in a wet year to only 
2.5 kg ha-I during a very dry year. They also predicted NO3-N loss with subsurface drain 
flow using stepwise multiple regression technique and found that flow weighted NO3-N 
concentration was best predicted by including RSN at the 0- to 1.2-m depth at the end of 
growing season and May rainfall for the conventional tillage system (CT) system and April 
to June rainfall for the no tillage (NT) system. The NO3-N in the 0- to 0.6-m soil profile did · 
not contribute to the prediction equation. Moreover, annual NO3-N flux loss to subsurface 
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drain flow was a function of rainfall and not RSN. They also tested the model by combining 
for two tillage systems and found the influence of growing season rainfall on NO3-N flux to 
the subsurface drain water. 
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CHAPTER 2. RESIDUAL SOIL NITROGEN AND RAINFALL 
EFFECT ON N03-N LOSS WITH SUBSURFACE DRAIN 
WATER UNDER CONTINUOUS CORN1 
A paper to be submitted to Journal of Environmental Quality 
A. Gaur2, R. S. Kanwar2, C. A. Cambardella3, and Y. Amemiya2 
ABSTRACT 
A study was conducted to understand the effect of rainfall and residual soil nitrate-
nitrogen (RSN) on nitrate-nitrogen (NO3-N) loss with subsurface drain water under 
continuous com with N-fertilization treatment at preplanting stage. Mixed model regression 
procedure was used to develop the multiple linear regression equations, which consisted of 
rainfall amounts ( around soil sampling stage) and RSN levels at different depths as 
independent variables for predicting the NO3-N loss with subsurface drain water. The NO3-N 
losses with subsurface drain water were relatively higher in the early part of the growing 
season (in June) but decreased rapidly in the later part (July to November). The contribution 
of RSN at different depths to NO3-N loss with subsurface drain water varied with the 
leaching response periods. For a 1-week leaching response period, RSN levels at 60- to 120-
cm depth, coupled with rainfall, were noted as the major contributors to the NO3-N loss with 
subsurface drain water. The NO3-N loss with subsurface drain water in the 2-week analysis 
period (following soil sampling) was significantly influenced by the RSN levels in the top 
60-cm depth, which accounted for 72% of total RSN in the 120-cm-deep soil profile. These 
1 Journal Paper No. J-18951 of the Iowa Agriculture and Home Economics Experiment Station, Ames, Iowa, 
Project No. 3415. 
2The authors are: A. Gaur, Graduate Student in Agricultural and Biosystems Engineering; R.S. Kanwar, 
Professor of Agricultural and Biosystems Engineering; Y. Amemiya, Professor of Statistics, Iowa State 
University, Ames, Iowa. 3, and C.A. Cambardella, Soil Scientist, USDA-ARS, National Soil Tilth Laboratory, 
Ames, Iowa. 
results clearly show that NO3-N losses with subsurface drain water can be controlled by 
managing RSN _ levels in the 0 to 60-cm soil layer in late spring and early summer of the 
growing season. 
INTRODUCTION 
Current agricultural and animal production systems in the Midwest are perceived to have 
negative impacts on surface and groundwater quality. Increased use of nitrogen fertilizer can 
potentially . contribute to elevated levels of nitrate-nitrogen- (NU3-N) in the shallow 
groundwater (Gast et al., 1978; Baker and Johnson, 1981; Kanwar et al., 1997). A • 
consequence of increased N use may also be the increased amounts of NO3-N in the soil 
. . 
profile. The soil NO3-N is subject to leaching and may result in increased NO3-N· levels· in 
surface and groundwater (Timmons and Dylla, 1981 ), which may affect human and animai · 
health. In particular, subsurface drain systems can provide potential pathways ·for rapid 
movement of NO3-N into surface _water (Gast et al., .1978; Liang and MacKenzie, 1994). 
Prediction of the amount of NO3-N loss with subsurface drain water and the asses·sment of 
factors contributing to this loss would be helpful in minimizing NO3-N losses to water 
resources. 
The movement of NO3-N with subsurface drain effluents is controlled by a number of 
factors including rainfall amount and its distribution over the landscape, the rate of water 
infiltration into soil, water table depth, amount of residual soil nitrate in the soil, the rate of 
mineralization of soil organic N, fertilizer N application, and the rate at which N is.removed 
from the soil by processes such as plant uptake, denitrification, and ammonia volatilization 
(Hallberg, 1986; Bergstrom, 1987; Kladivko et al., 1991; Randall and Iragarvarapu, 1995). 
Kladivko et al. (1991) reported that variations in NO3-N concentrations in subsurface drain 
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water were not related to daily subsurface drain flow. Bjomeberg et al. (1998) reported that 
inorganic N produced through the mineralization of soil organic N and applied fertilizer N 
both contributed to NO3-N losses in subsurface drain water. In contrast, Cambardella et al. 
(1999) concluded that patterns in NO3-N loss with subsurface drain water were not 
synchronized with the timing of application ofN fertilizer or with soil profile NO3-N (Baker 
and Johnson, 1981). It has been suggested that NO3-N loss through subsurface drains is 
controlled by the timing and distribution of rainfall across the landscape (Cambardella et al., 
1999), particularly in tilled fields (Randall and Iragavarapu, 1995). 
Several studies have demonstrated a zone of soil NO3-N accumulation at about 1-m 
soil depth (Gast et al., 1978; Randall, 1990) with decreasing soil NO3-N concentration below. 
that depth (Gast et al., 1978). Kanwar et al. (1985) reported significant amounts of NO3-N 
leached below the root zone in tilled plots. Since subsurface drains lie within the vicinity of 
root zone depth, the residual soil nitrate-nitrogen (RSN) within the root zone might be the 
critical contributor to NO3-N loss in subsurface drains. Not much research information is 
available on the relationship between the RSN in the root zone and NO3-N loss with 
subsurface drain water. The overall objective of this study was to investigate the contribution 
ofRSN, at different soil depths, on NO3-N loss with subsurface drain water under continuous 
com using several years of field data from Iowa State University's Northeastern Research 
Center near Nashua, Iowa (Kanwar et al., 1999). A secondary objective was to evaluate the 
effect of temporal variability in rainfall on NO3-N loss with subsurface drain water. 
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MATERIALS AND METHODS 
Site Description 
The experimental site for this study was located at Iowa State University's Northeast 
Research Center near Nashua, Iowa. The soil types at the experimental site were 
predominantly Floyd loam (fine loamy, mixed, mesic Aquic Hapludolls), Kenyon silty clay 
loam (fine loamy, mixed, mesic Aquic Hapludoll), and Readlyn loam (fine-loamy, mixed, 
mesic Aquic Hapludoll) with 3-4% organic matter and belonged to the Kenyon-Clyde-Floyd 
Soil Association (USDA SCS, 1995). These soils are moderately well to poorly drained and 
have a seasonally high water table. 
Field Sampling and Laboratory Analysis 
The study site consisted of three 0.4-ha experimental plots. Each plot received UAN 
(urea ammonium nitrate) fertilizer application at a rate of 135 kg-N/ha from 1993 to 1998 for 
continuous corn production. Each plot was drained by a single subsurface drain, which was 
intercepted by installing a sump for collecting water samples to analyze for NO3-N 
concentrations and make calculations for NO3-N losses (Kanwar et al., 1997). To monitor the 
· flow on a continuous basis, each subsurface drain sump had a 110-Volt effluent pump, water 
flow meter, and an orifice tube to collect water samples for water quality analysis. The water 
flow meters were connected to dataloggers for recording subsurface drain flow monitoring 
data. For water quality sampling, an orifice tube was designed to deliver about 0.2% of the 
subsurface drain water into a sampling bottle each time effluent is pumped from the sump. 
Subsurface drain flow rates were measured twice a week, and NO3-N concentrations in the 
17 
drain water were determined once a week. Six-year (1993-1998) field data on RSN and 
NO3-N loss with subsurface drain water from these three plots were used for this study. 
Com was planted in 75-cm rows. A chisel plow was used for primary tillage in the 
spring before planting. Soil cores were collected to a depth of 120 cm at three locations in 
each plot using 120-cm-long zero contamination tubes (Kanwar et al., 1997). The soil cores 
were split into a number of depth increments, and soil data on moisture contents and NO3-N 
concentrations were collected for Oto 15-, 15- to 30-, 30- to 60-, 60- to 90- and 90- to 120-
cm depth increments. Soil samples were collected at three growth stages during the growing 
season: (i) in mid-June, about 3 to 4 weeks after planting (AP); (ii) in_ mid-July to mid-
August, about 6 weeks to 8 weeks before harvest (BH), and (iii) in late October-early 
November, about 2 weeks after com harvest (AH). These samples were analyzed for soil . 
moisture and soil NO3-N contents (Table I). The NO3-N concentrations in the soil samples 
were determined by extracting NO3-N with 2M KCl solution and by using flow injection 
technology (Lachat Instruments, Milwaukee, WI). The RSN values in the soil samples were 
calculated using data on soil moisture_ contents and soil NO3-N concentrations and are 
reported as kg/ha on a dry soil basis (Table 2 and Appendix I). 
Statistical Procedure for Data Analysis 
In order.to determine the contribution ofRSN from various soil layers to total NO3-N 
loss with subsurface drain water, the SAS statistical package was used. For data analyses, 
two different NO3-N leaching periods were considered: I-week and 2-week periods 
following the soil sampling date, and will_ be referred as "I-week analysis" and "2-week 
analysis" periods in this paper. The mixed model regression analysis (SAS tool) was 
conducted in order to determine the effect of rainfall and RSN on NO3-N loss with 
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subsurface drain water. Under this procedure, the NO3-N loss with subsurface drain water 
occurring during the analysis period (NNL) was regressed against the rainfall that occurred in 
I-week period prior to collecting the soil samples (RainW), rainfall in the I-week (Rainl) or 
2-week (Rain2), the RSN in the top 60-cm depth (RSNT), and RSN in the 60- to 120- cm soil 
depth (RSNB). The rainfall in the I-week period prior to soil sampling was always included 
in the 1- or 2-week after- soil sampling periods in the analysis in order to take into account 
the effect of antecedent soil moisture content on subsurface drainage flow. The effect of 
years on NO3-N loss with subsurface drain water, which was not accounted for by the 
contribution of rainfall differences, was found significant. As a result, in the mixed model 
regression procedure, the random effect of plots and years was incorporated. The means and 
standard errors of RSN at different depths and NO3-N loss with subsurface drain water were · 
obtained using mixed model analysis taking into account the plot and years as random 
effects. Similarly, the difference between NO3-N loss with subsurface drain water occurred in 
both analysis periods was tested for different growth stages by contrast statement. The 
following mixed model regression procedure was conducted for both, I-week and 2-week 
analysis periods separately to determine relationships between the rainfall, RSN and NO3-N 
loss with subsurface drain water and was defined as I-week analysis 










NO3-N loss with subsurface drain water for plot i and year t; 
i: 1, 2 and 3; t= year 
Intercept constant 
Slope constants 








Rainfall amount during analysis period for year t. 
RSN at 0 to 60- cm depth for plot i and year t 
RSN at 60- to 120- cm depth for plot i and year t 
Random effect for plot I 
Random effect for year t 
Random error for plot i and year t 
For I-week analysis, the above model may be rewritten as (Model-I): 
Similarly for 2-week analysis, the model run was (Model-2) 
where, NNL-1 and NNL-2 are the NO3-N loss with subsurface drain water in I-week and 2-
week analysis periods and Rainl and Rain2 are the rainfall amounts in I-week and 2-week 
analysis periods, respectively. Therefore, for I-week analysis, the amount of rainfall that 
occurred within a period of 14 days (I-week prior to and I-week after the soil sampling date) 
was included in the study and will be referred as Model-I. For 2-week analysis, the amount 
of rainfall within a period of 21 days (I-week prior to and 2-weeks after the soil sampling 
data) were included in this study and will be referred to as Model-2 for predicting the NO3-N 
loss with subsurface drain water. The parameter values used in these models are shown in 
Table 2. 
The independent parameters, rainfall amounts, and RSN level, showing significant P 
values were accepted as the factors affecting the NO3-N loss with subsurface drain water. In 
general, the relationships were considered significant at P<0.05. However, because of high 
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variability in field data, moderately significant differences at P<0. l were also calculated and 
are discussed in this paper to indicate a weak relationship. 
Depending on the significance levelsofRSNT and RSNB in Model-1, the effect of 
RSN at different depths was further examined. When RSNT (0 to 60- cm soil depth) and/or 
RSNB (60- to 120- cm soil depths) in the model were found to be significant, RSN levels in 
the corresponding smaller depth increments (0 to 15- cm, 15- to 30- cm, 30- to 60- cm, 60-
to 90- cm and 90- to 120- cm depths) were also tested for significance. Preliminary studies 
were conducted to determine the effect ofRSN levels at three growth stages (AP, BH, and 
AH) on NO3-N loss with subsurface drain water. The preliminary study indicated that "after-
planting growth stage" in the month of June was the most critical period affecting total NO3-
N loss with subsurface drain water. The amount ofNO3-N losses with subsurface drain water 
in the later growing season stages (BH and AH) were very small. Therefore, BH and AH 
growth stages were excluded from data analyses. 
RESULTS AND DISCUSSION 
Rainfall Patterns 
Thirty-year average yearly rainfall at the research site is about 770 mm. During the 6-
year study period (1993-1998), total yearly rainfall ranged from 2% below average rainfall in 
1994, 1996, and 1997 to 34% above average for 1993, 1995, and 1998 (Table 3). Table 4 
gives average rainfall amounts of the 6 years for three different periods for each soil 
sampling date. Rainfall amounts were lowest and significantly different during the AH 
sampling stage in October in comparison with the AP and BH periods. 
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Residual Soil Nitrate-Nitrogen 
The amount of RSN levels for the five soil depths varied for each of the three growth 
stages. On the average, RSN levels declined over time from June to November. Total soil 
profile RSN in June (AP) was relatively higher in comparison with the other growth stages 
(Figure 1) ranging from 97 to 124 kg/ha. Rapid reductions in the amount of RSN at August 
(BH) and October/November (AH) soil sampling periods may be the re~ult of a combination 
of factors such as plant uptake, denitrification, immobilization, and leaching to shallow 
groundwater. Similarly, Cambardella et al. (1999) reported high NO3-N 9ontents in the soil in 
May and low NO3-N contents in August for field sites in central Iowa. 
··About 72% of the total soil profile RSN was found in the top 60 cm of soil profile. at 
the AP sampling stage in June. The RSN contents in the 60- to 120- cm soil layer were 
higher than in the top 60 cm of the soil profile in the later part of the growing season, BH and 
AH periods (Figure 1). Gast et al. (1978) reported the initial accumulation of RSN in the . 
upper Oto 30-cm soil layer and further accumulation at about 1 m with depth. Randall (1990) 
reported comparatively lower NO3-N concentrations in the upper soil zone (0 to 30- cm 
layer) in the month of July, and the lowest concentrations in the lower soil zone (30- to 60-
cm layer) in early November. Cambardella et al. (1999) found high soil NO3-N 
concentrations in late spring and early summer for the top 30 cm of soil under com. They 
further reported that NO3-N concentration in this zone· (0 to 30-cm) · decreased significantly 
during midsummer and early fall. These studies confirm the initial accumulation of RSN in 
the surface soil. However, the rate of accumulation varied in different studies, possibly due to 
different soil types and climatic conditions. 
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NO3-N Loss with Subsurface Drain Water 
The NO3-N loss with subsurface drain water decreased within the growing season 
period (Table 5). The NO3-N losses with subsurface drain water were maximum in June (AP) 
compared with the later soil sampling stages. The differences in NO3-N loss with subsurface 
drain water during later growth stages at BH and AH sampling periods were not significant. 
At the June (AP) soil sampling stage, an average of 1.40 and 2.42 kg/ha of NO3-N was found 
to be lost during I-week and 2-week analysis periods, respectively (Table 4). The amount of 
NO3-N loss with subsurface drain water decreased to 20% in July-August (BH) and to 3% 
later in October (AH) in comparison with the June period (AP). 
Effects of Rainfall and RSN on NO3-N Loss with Subsurface Drain Water 
The above findings confirm that relatively higher losses occurred in the month of 
June (AP stage) than during the rest of the growing season. Furthermore, no significant 
relationship between rainfall, RSN and NO3-N loss with subsurface drain water was observed 
during the BH and AH soil sampling stages due to a lower amount of NO3-N loss with 
subsurface drain water. Later in the season, the evapo-transpiration needs of the plants 
increase and exceed the rainfall, resulting in significant reduction in subsurface drain flow 
and reduced NO3-N loss with subsurface drain water. Therefore, we decided to investigate 
the effect of rainfall and RSN levels on NO3-N loss with subsurface drain water for the first 
soil sampling period only (AP growth stage in June). 
In order to predict the effects of rainfall and RSN on NO3-N loss with subsurface 
drain water, the mixed model regression procedures, Model-I and Model-2, were used after 
incorporating the random effects of years and plots. Table 6 shows the regression 
23 
coefficients, and Table 7 gives the regression equations for predicting the NO3-N loss with 
subsurface drain water. 
One-week analysis 
In June, the NO3-N loss with subsurface drain water during the 1-week period (NNL-
1) was found to be significantly affected by the rainfall that occurred in the corresponding 
analysis period (Rain-1) and moderately affected by the RSNB (RSN in 60- to 120- cm 
depths) in Model-1. In order to understand the effect ofRSN levels in the smaller increments 
with the RSNB (60- to 120- cm depths), a detailed analysis was conducted where 
insignificant RSNT was dropped from Model-I and the RSNB was divided into two depths 
(60- to 90- cm and 90- to 120- cm depths). The RSN levels in 60- to 90- and 90- to 120- cm 
depths did not show any significant effect on NOrN loss with subsurface drain water, but the 
effect ofRSN in 60- to 120- cm depths was highly significant (Table 6). This analysis clearly 
indicates that the contribution of RSN in the individual depths of 60 to 90 and 90 to 120 cm 
on NO3-N loss with subsurface drain water cannot be separated. The final equation (Model-
1) for predicting NO3-N loss with subsurface drain water is shown in Table 7. An additional 
attempt was made to predict NO3-N loss with subsurface drain water by incorporating only 
those independent variables that were found to have significant impact in Model-1, i.e. 
rainfall during the analysis period (Rainl) and RSN in 60- to120- cm soil depths (Figure 2). 
No statistical differences were found between the predicted NO3-N losses with subsurface 
drain water by the detailed and small models. This analysis clearly indicated that small 
models can be used to predict the NO3-N loss with subsurface drain water satisfactorily. This 
also confirms that rainfall (Rainl) and RSN in the 60- to 120- cm depths were the major 
contributing factors to the NO3-N loss with subsurface drain water. 
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The negative regression coefficient for RSNB in mixed model analysis (Table 6) 
might have resulted due to the variable rainfall pattern in different years, which contribution 
. was highly significant. This trend of negative relationship was observed for a range of 
smaller values ofNO3-N loss with subsurface drain water. In general, the increase in NO3-N 
loss with subsurface drain water was evident with the increase in RSN values for a certain 
range ofRSN ievels. The relationship between rainfall, RSNB, and NO3-N loss with 
subsurface drain water was most probably controlled by rainfall pattern. Also, Cambardella 
et al. (1999) reported that NO3-N loss with subsurface drain water was controlled by the 
timing and distribution of rainfall across the landscape for a small agricultural watershed in 
central Iowa. Jaynes et al. (1999) reported that precipitation controlled the NO3-N 
concentrations in subsurface drain water since the amount of precipitation directly affected 
the subsurface drain flux. Randall and Iragavarapu (1995) observed that the annual NO3-N 
flux into subsurface drain water was a function of rainfall (particularly in May and June) and 
not the RSN. These studies validate observations made in the study. 
Two-week analysis 
In the 2-week analysis, the NO3-N loss with subsurface drain water in June was best 
predicted by RSN values in the Oto 60- cm depth. Detailed 2-week analysis (that included 
three soil layers Oto 15-, 15- to 30- and 30- to 60- cm depths) indicated a significant 
contribution ofRSN values in Oto 15- cm and 30- to 60- cm soil layers on NO3-N loss with 
subsurface drain water (Tables 6 and 7). However, the RSN levels in the 30- to 60-cm soil 
layer had negative regression coefficient which might have resulted because of relatively 
high RSN values in the top 30-cm soil layer and variability in rainfall pattern (Figure 3). 
Furthermore, there is evidence of higher NO3-N loss with subsurface drain water at smaller 
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RSN values in the Oto 15- cm soil layer, which may be due to unexplained/unknown factors. 
No significant effect of rainfall was found during the 2-week analysis. Predicted values on 
NO3-N losses with subsurface drain water by the detailed model are shown in Figure 3. The 
· small model was used to predict NO3-N loss with subsurface drain water after eliminating the 
insignificant variables in Model-2, shown in Figure 3. Figure 3 demonstrates that the 
predicted values by the small model were close to. the values predicted by the detailed model 
as well as the observed values ofNO3-N loss with subsurface drain water. Therefore, it can 
be concluded that RSN values at 0 to 15- and 15- to 30- cm depths would be sufficient to 
. predict the NO3-N loss with subsurface drain water accurately in the 2-week analysis period. 
Overall results of this study show clearly that the RSN levels in the entire soil profile . 
can have a significant effect on the NO3-N loss with subsurface drain water depending on the 
time period (1-week or 2-week periods) selected for analysis. The rainfall and RSN levels at 
deeper soil depths (60 to 120 cm) had a significant effect on the NO3-N loss with subsurface 
drain water during the 1-week analysis, whereas in the 2-week analysis, RSN levels in the 0 
to 60- cm soil layer showed a significant effect on the NO3-N loss with subsurface drain 
water. 
SUMMARY AND CONCLUSIONS 
This study was conducted to determine the effect ofrainfall and RSN on NO3-N loss with 
subsurface drain water under a continuous corn production system at Iowa State University's 
Northeast Research Center near Nashua, Iowa. The experimental plots received nitrogen 
fertilizer at the preplanting stage of corn. Data on NO3-N loss with subsurface drain water, 
RSN levels in soil layers, and rainfall amounts for different periods during the crop growing 
season were collected for 6 years (1993-1998). Analysis of these data indicated that 
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relatively higher values ofrainfall, RSN, and NO3-N with subsurface drain water were 
observed in the month of June (3 to 4 weeks after planting), which decreased in the later part 
of the growing season. As a result, the relationships between rainfall, RSN values, and NO3-
N losses with subsurface drain water were developed for tp.e month of June only. T~e 
contribution of RSN levels at different soil depths varied with the duration of leaching 
response periods (I-week or 2-week periods in June after soil sampling). The NO3-N losses 
with subsurface drain water in the I-week period after soil sampling were affected 
significantly by the RSN values in the 60- to120- cm soil layer and the rainfall. The RSN 
levels in.the upper 60-cm soil layer had a significant effect on the NO3-N loss with 
subsurface drain water when a 2-week period after soil sampling was considered for analysis 
in June. 
These results clearly show that NO3-N leaching losses with subsurface drain water can be 
reduced by managing RSN levels in the upper soil profiles in late spring and early summer of 
the growing season. 
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Table 1. The soil sampling schedule in different years. 
Soil sampling Years 
stage t 1993 1994 1995 1996 1997 1998 
AP June 17 June 8 July 11 June 25 July 2 June 17 
BH August25 July 6 -t July 22 July 22 . July 15 
AH Nov. I Oct. 28 Oct. 25 Oct. 17 Oct. 20 Nov. 7 
t AP = After planting; BH = Before harvesting; AH = After harvesting. 
+ Data not sampled. 
Table 2. Average RSN values at different depths and rainfall and NO3-N loss with subsurface 
drain water during analysis periods. 
Soil Year Rainl Rain2 RSN at different depths, . NOrN loss with 
sampling emf Cmf kg/ha subsurface drain water, 
at growth kg/ha 
staget 0-15 cm 15-30 cm 30-60 cm 60-90 cm 90-120 cm I-week 2-weeks 
after soil after soil 
sampling sampling 
AP 1993 3.28 7.39 43.12 34.97 34.08 12.42 6.93 1.81 3.41 
1994 4.22 7.09 36.42 13.27. 13.63 0.96 1.98 0.00 0.01 
1995 0.66 5.92 4.03 3.66 8.27 21.12 15.59 0.93 1.17 
1996 1.12 1.37 18.85 16.97 23.35 13.00 13.00 0.82 0.98 
1997 1.24 5.61 8.85 6.24 35.43 24.70 24.70 0.00 0.00 
1998 8.26 13.44 14.28 26.39 48.87 22.91 22.91 4.63 8.06 
BH 1993 2.62 4.72 4.77 1.92 2.70 6.55 9.69 1.82 2.70 
1994 6.50 14.07 6.96 2.13 5.08 8.32 6.76 0.54 1.01 
1995 0.66 5.92 1.74 0.00 2.39 8.64 11.38 1.04 1.14 
1996 1.09 2.36 6.53 8.63 8.27 10.89 10.89 0.00 0.00 
1997 3.91 4.06 13.41 6.82 15.28 20.48 20.48 0.00 0.00 
1998 1.63 1.73 4.03 1.65 12.93 17.26 17.26 0.05 0.05 
AH 1993 0.00 1.88 17.95 12.53 3.09 1.92 8.41 0.00 0.00 
1994 0.00 0.08 9.67 7.98 7.98 2.72 6.43 0.00 0.00 
1995 2.01 3.84 8.92 6.55 2.18 0.00 6.43 0.00 0.00 
1996 4.75 6.86 5.80 1.31 0.00 1.79 1.79 0.00 0.00 
1997 0.00 0.08 5.51 11.41 23.11 14.92 14.92 0.27 0.29 
1998 5.36 5.36 7.42 4.92 5.28 2.78 2.78 0.41 0.72 
t AP = After plantmg; BH = Before harvestmg; AH = After harvestmg; 
+Rainl :Rainfall in I-week after soil sampling; Rain2:Rainfall in 2-weeks after soil sampling. 
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Table 3. Precipitation patterns at the experimental site during the growing period 
(March-November) for each year. 








A veraget 83 .2 
Normal! 77 .0 








+ Average for years (1951-1984), Source: USDA- SCS (1995). 
Table 4. Six-year(l993-1998) average rainfall amounts for different time periods 
during the growing season. 




































t AP = After planting; BH = Before harvesting; AH = After harvesting. + Numbers inside parentheses are standard error values. 
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Table 5. Average NO3-N loss with subsurface drain water during analysis periods 
after each soil sampling date. 
Soil sampling at growth 
stage t 
























t AP = After planting; BH = Before harvesting; AH = After harvesting. + Numbers inside parentheses are standard error values. 
Table 6. Estimated values of regression coefficients obtained from mixed model regression 
procedure to predict the NOrN loss with subsurface drain water for after-planting 
growth stage in com crop under continuous com. 









RSN 60-120 -0.043* 
* Significant with 0.01 <=P<0.05. 
** Highly significant with P<0.01. 










Table 7. The multiple regression equations for predicting NO3-N loss with subsurface drain 
water. 
Type of equations Equations for predicting NO3-N loss with subsurface 
drain water:j: 
I-week analysis 
Full Model- I NNLl = 0.44+0.23Rain W+0.61Rainl-0.043RSNB 
Small Model-It NNLl = l.31+0.61Rainl-0.042RSNB 
2-week analysis 
Full Model-2 NNL2 = -7.07 +1.27 RainW +0.79Rain2+ 
0.14RSN1 +0.03RSN2 -0. l 7RSN3 
Small Model-2t NNL2=2.55 +0.11RSN1-0.11RSN3 
t After eliminating insignificant variables in full modeL 
:j: RSNl=RSN at Oto 15- cm, RSN2=RSN at 15- to 30- cm, RSN3=RSN at 30- to 60-
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Figure 1. Average values of RSN at different depths for three soil sampling growth stages. 
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• Full model 
7 Small model 
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Figure 2. Predicted vs. observed N03-N loss with subsurface drainage water in 1-week 
analysis period under continuous corn. 
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• Full model 
Small model D 
Full model: NNL2 = -7.07 +1.27 RainW +o.79Rain2+ 0.14R 
-0.l 7RSN3, R2=0.997; 
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Figure 3. Predicted vs. observed N03-N losses with subsurface drainage water in 2-
week analysis period under continuous corn. 
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CHAPTER 3. RESIDUAL SOIL NITROGEN AND RAINFALL 
EFFECT ON NO3-N LOSS WITH SUBSURFACE DRAIN 
WATER UNDER CORN-SOYBEANROTATION1 
A paper to be submitted to Journal of Environmental Quality 
A. Gaur2, R. S. Kanwar2, C. A. Cambardella3, and Y. Amemiya2 
.ABSTRACT 
Rainfall patterns and residual soil nitrate-nitrogen (RSN) may influence nitrate-
nitrogen (NO3-N) losses with subsurface drain water in artificially drained agricultural lands. 
Assessments of the contributing factors controlling NO3-N losses that lead to predictive 
relationships would be helpful in minimizing NO3-N contamination of water resources, 
Mixed model regression analysis was used to develop relationships between rainfall, RSN, 
and NO3-N losses with subsurface drain water in mid-June under corn and soybean managed 
with no-till and chisel plow. Regression results indicated that relationships among rainfall, 
RSN, and NO3-N losses with subsurface drain water were not consistent for the four 
treatment combinations. Rainfall and RSN levels in the 15- to 60- cm depth interval 
contributed significantly to NO3-N losses with subsurface drain water in mid-June for no-till 
corn. NO3-N losses under tilled corn were not related to any of the model parameters in this 
study. NO3-N losses with subsurface drain water under no-till soybean in mid-June were not 
related to RSN levels and were related to rainfall amounts. NO3-N losses under till soybean 
were related to RSN in the 15- to 60- cm depth increment but not to rainfall amounts. This 
1 Journal Paper No. J-18950 of the Iowa Agriculture and Home Economics Experiment Station, Ames, Iowa, 
Project No.3415. 
2The authors are: A. Gaur, Graduate Student in Agricultural and Biosystems Engineering; R.S. Kanwar, 
Professor of Agricultural and Biosystems Engineering; Y. Amemiya, Professor of Statistics, Iowa State 
University, Ames, Iowa; and 3 C.A. Cambardella, Soil Scientist, USDA-ARS, National Soil Tilth Laboratory, 
Ames, Iowa. 
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study has shown that NO3-N losses with subsurface drain water were related to rainfall 
amounts and RSN levels in the 15- to 60- cm soil layer although the relationships were not 
consistent and varied for the four treatment combinations. Further experimental work is 
needed to clarify these inconsistencies in order to develop reliable predictive models. 
INTRODUCTION 
Concerns revolving around nutrient management and agricultural water quality are 
not new to agriculture. Increased use of nitrogen fertilizer since the early 1950s has resulted 
in elevated levels of nitrate-nitrogen (NO3-N) in surface and ground water (Gast et al., 1978; 
Timmons and Dylla, 1981; Baker and Johnson, 1984; Kanwar et al., 1997). Cropping 
intensity, tillage intensity, and N fertilizer application are three agricultural management 
practices that can affect soil N mineralization rates (Jokela and Randall, 1989). Com- . 
soybean production systems were introduced in the upper Midwest as an alternative 
management practice to stabilize com yields. These systems have been reported to result in 
substantial NO3-N leaching losses (Logan et al., 1994; Owens et al., 1995; Kanwar et al., 
1997; Katupitiya et al., 1997; Randall et al., 1997) and, in some cases, have resulted in higher 
NO3-N losses than continuous com production systems (Klocke et al., 1999). 
Factors such as rainfall pattern, infiltration rate, amount of residual soil nitrogen, 
water table depth, and the rate at which N is removed from the soil by processes such as plant 
uptake, denitrification, immobilization, and ammonia volatilization influence the movement 
ofNO3-N with subsurface drain effluents (Hallberg, 1986; Bergstrom, 1987; Randall and 
Iragavarapu, 1995; Kladivko et al., 1991). Bjomeberg et aL (1998) reported that mineralized 
soil N substantially contributes to the total amount ofNO3-N loss in subsurface drain water. 
Knowledge of the soil's ability to supply N through the process ofN mineralization will help 
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ensure that crop needs are met and the potential for surface and groundwater contamination is 
minimized (Wienhold and Halvorson, 1999). 
Soil profile NO3-N is generally higher in the surface soil layers and decreases with 
depth (Gast et al., 1978; Randall, 1990). Kanwar et al. (1985) reported significant amounts of 
NO3-N leached within and below the root zone for no-till and till systems, respectively. 
Growing season rainfall has been documented as a major contributor to NO3-N flux to 
subsurface drain water (Randall and Iragavarapu, 1995; Jaynes et al., 1999). In contrast, 
studies have reported that variations in NO3-N concentration in subsurface drain effluents 
were not related to daily subsurface drain flow (Kladivko et al., 1991) or residual soil nitrate-
nitrogen (RSN) (Baker and Johnson, 1981 ). 
Since subsurface drains lie within or very close to the root zone depth, the RSN in the 
root zone may be an important factor controlling NO3-N loss with subsurface drain flow. Not · 
much information is available on the effect ofRSN in the root zone and its effect on NO3-N 
leaching loss with subsurface drain water, particularly under com-soybean rotations. The 
specific objectives of this study were to investigate the contribution of rainfall and RSN at 
different soil depths to NO3-N loss with subsurface drain water under a com-soybean 
production system and to study the effect of tillage on this relationship for each crop. 
MATERIALS AND METHODS 
Site Description 
From 1993 to 1998, tillage treatments were imposed on 36, 0.4-ha experimental plots 
within a com-soybean rotation in a randomized complete block design (Figure 1 ). This study 
examined relationships between the RSN values and NO3-N losses with subsurface drain 
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water using 12 of the 36 plots. The design included two tillage treatments, no-till and chisel 
plow, and two crops, corn and soybean. Each treatment combination was replicated three 
times in the field. Nitrogen fertilizer was applied to the corn plots immediately before 
planting as liquid urea ammonium nitrate (UAN) at a rate of 110-kg N/ha with a spoke 
injector. Corn plots were chisel plowed in the fall and cultivated twice in the spring prior to 
planting soybeans. Soybeans in both tillage treatments were planted with a no-till drill and 
were not cultivated for weed control. Corn was planted directly into soybean stubble in the 
no-till plots and the plots were cultivated once for weed control after planting. In this article, 
no-till soybean treatment will be defined as soybean rotated with no-till corn and till 
soybean, will be defined as soybean rotated with chisel plow corn. Also, till corn is defined 
as corn under chisel plow treatment. 
Field Sampling and Laboratory Analysis 
Each plot has two subsurface drains buried about 1.2 m deep. One drain runs along 
the center axis of each plot and the other along the north-south borders. The border drains 
isolated the plots on the north and south sides, and the center drains were intercepted at the 
end of the plot and sumps installed. The sumps were connected to a flow meter, and water 
flow data were collected using dataloggers (Kanwar et al., 1997). A small percentage of the 
water discharged by the sump pumps was collected for NO3-N analysis through an orifice 
tube on the sump discharge line. About 0.02% of the water was routed to a sampling bottle 
each time effluent was pumped from the sump. Flow rates were measured twice a week, and 
water samples were removed once a week for NO3-N analysis. 
Three 120-cm-deep soil cores were removed from each plot four times during the 
growing season in 1993-1998. Samples were taken before planting in late April (BP growth 
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stage), about 3-4 weeks after planting in mid-June (AP growth stage), about 6-8 weeks before 
harvest in mid-August (BH growth stage), and about 2 weeks after harvest_in late-
October/early November (AH growth stage) (Table 1). Data for the BP growth stage will not 
be included in this paper. Soil data were integrated into five equivalent depth increments (0 
to 15-, 15- to 30-, 30- to 60-, 60- to 90-, and 90- to 120-cm) for purposes of this study. 
Field moist soil subsamples were extracted with 2MKC1. Soil water content was 
determined gravimetrically after drying overnight at 105C. NO3-N in the filtrate and in tile 
drain water samples was determined using flow injection technology (Lachat Instruments, 
Milwaukee, WI). Soil NO3-N concentrations were calculated on a dry soil weight basis and 
converted to kg/ha using the bulk density of each soil layer. 
Statistical Analysis 
Data were analyzed using Mixed Model regression analysis (SAS) to determine the 
effect of soil and rainfall parameters on subsurface drain water NO3-N concentrations. This 
type of model was used to account for the random effects of time (i.e., data collected in 
multiple years) and plot on the regression outcome. Relationships were considered significant 
at P<0.05 but because of the high variability associated with field data, moderately. 
significant differences (P<0 .1) were also considered. 
Subsurface drain water data were integrated for the time period of 1 week and 2 
weeks after each soil sample data and analyzed separately. Rainfall parameters used in the 
analysis were (i) integrated rainfall for the week prior to the soil sampling date and (ii) 
integrated rainfall for the I-week or 2-weeks following the soil sampling date. The amount of 
rainfall that occurred 1-week prior to the sample date was used to take into account the effect 
of antecedent soil moisture on subsurface drain flow. 
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The model was run first using residual soil NO3-N (RSN) values from the top 60-cm 
of soil (RSNT) and the bottom 60 cm (RSNB) of soil only. If RSNT and/or RSNB 
contributed significantly to subsurface drain water NO3-N loss, then the soil data was 
examined in smaller depth increments within each 60-cm increment. For instance, if were 
significant, then the Oto 15-, 15- to 30- and 30-to 60-cm depth increments were regressed to 
more finely tune the model output. 
The following model was used: 






















NO3-N loss with subsurface drain water for plot i and year t; 
i: 1, 2 and 3; t= year 
· Intercept constant 
Slope constants 
Rainfall amount in I-week prior to soil ·sampling date for year t 
Rainfall amount during analysis period for year t 
RSN at 0 to 60- cm depth for plot i and year t 
RSN at 60- to 120- cm depth for plot i and year t 
Random effect for plot i 
Random effect for year t 
Random error for plot i and year t 
For I-week analysis, the above model may be rewritten as (Model-I): 
Similarly, for 2-week analysis, the model run was (Model-2) 
where, NNL-1 and NNL-2 are the NO3-N loss with subsurface drain water in 1- week 
; 
and 2-week analysis periods and Rain-I and Rain-2 are the rainfall amounts in I-week and 2-
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week analysis periods, respectively. All parameters used in the model analysis are shown in 
Table 2. 
RESULTS AND DISCUSSION 
· Precipitation, soil profile N concentrations, bulk density, subs"4I'face drairi water 
fluxes and N03-N concentration data used in this study were collected as part of a 6-year 
study conducted at the Nashua Research Station in northeast Iowa from 1993 to 1998 by 
Kanwar et al. (1999). Precipitation during the 6 years ranged from 1 % below average in 
1994, 1996, and 1997, to 33% above average for the remaining 3 years. These conditions 
provided an excellent opportunity to investigate the relationships among rainfall amounts, 
. . 
soil profile N, and subsurface drain water N03-N concentrations. Preliminary model runs 
were conducted to determine intraseasonal temporal effects on these relationships. Input .data 
. for the model runs were averaged across replicate plots within each year and averaged across 
the 6 years. 
Rainfall 
The amount of rainfall varied significantly for each of the three seasonal time periods 
(Table 3), with rainfall amounts during the mid-June time period consistently exceeding the 
other two time periods. The results also indicated that the majority of subsurface drain water 
loss occurred during the mid-June (AP) time period compared with the mid-August and late-
October/early-November time periods. Therefore, data reported in this paper are limited to 
the mid-June time period. Four independent model runs were carried out for each of the four 
treatment combinations. 
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Residual Soil Nitrate-Nitrogen 
RSN levels to a depth of 120 cm varied significantly throughout the growing season 
in both com and soybean plots under both tillage systems (Figures 2 and 3). RSN levels for 
all depth intervals were significantly higher in the tilled com plots than in the no-till com 
plots (Figure 2). In 1993 and 1994, some of the replicate tilled com plots had very high RSN 
levels (up to 145 kg N/ha) in the top 30 cm, suggesting that samples were collected from 
within the fertilizer band in these plots. On average, the top 60 cm of soil contained 75% of 
the total RSN in the root zone. Maximum RSN levels for both tillage systems under com 
were observed in mid-June, and the lowest levels occurred in mid-August. The minimum 
levels in August can be attributed to plant uptake. Cambardella et al. (1999) also reported 
maximum soil NO3-N contents in late spring for a tilled field in central Iowa and minimum 
values in mid-August. In general, there was no significant change in RSN levels for both 
tillage systems between midsummer (BH) and late October (AH) in the com plots. However, 
RSN increased in the top 15 cm of the tilled com plots from BH to AH, possibly because of 
crop residue and root decomposition and the subsequent nitrification of the mineralized N. 
In general, RSN levels in all depth increments were higher under tilled soybean 
compared with no-till early in the season (Figure 3). Under tilled soybean, RSN levels were 
highest in the top 30 cm in mid-June and after harvest. The high N levels in late October 
were likely due to residue and root decomposition and increased soil mineralization. Most of 
the RSN under soybean for both tillage treatments was initially concentrated in the top 60 cm 
of soil and accounted for about 70% of the total RSN in mid-June (AP). However, RSN 
under soybean was lower than under com in the top 30 cm of soil for both tillage treatments 
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in mid-June (Figures 2 and 3) because ofN fertilizer application (Gast et al., 1978), but this 
difference disappeared by mid-summer (Figures 2 and 3). 
NO3-N Loss with Subsurface Drain Water 
N03-N losses with subsurface drain water decreased throughout the studied growing 
season in both com and soybean plots under both the tillage systems (Tables 4 and 5). 
Similar to the trend for RSN, the maximum N03-N loss with subsurface drain water was 
found early in the growing season in June (AP). However, in contrast to the trends for RSN 
(Figure 2), the no-till plots under com had higher N03-N losses with subsurface drain water 
than the tilled-com plots (Table 4). Under no-till systems, preferential flow might have 
resulted in higher N03-N leaching, particularly when the N03-N was concentrated at the soil 
surface (Tillman and Scotter, 1991 ). In the soybean plots, variations in N03-N loss with 
subsurface drain water for the two tillage systems corresponded to the trend for RSN levels 
(Figure 2 and Table 5). There was higher N03-N loss with subsurface drain water in the tilled 
soybean plots than in the no-till soybean plots, particularly during June (AP) and July (BH) 
(Figure 2 and Table 5). Angle et al. (1993) also found lower soil pore water N03-N 
concentration in no-till plots than in moldboard plow plots and deduced there should be less 
N03-N leaching in the no-till plots. 
Generally, N03-N losses with subsurface drain water in no-till soybean plots were 
lower than in the no-till corn plots. No significant difference was observed between the N03-
N loss with subsurface drain water in the corn and soybean plots under the conventional 
tillage system. Similarly, Weed and Kanwar (1996) did not find any significant difference 
between the annual N03-N drain loss in soybean and corn plots. But they reported lower 
annual N03-N drain losses in no-till com plots than in chisel plow plots. 
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Effect of Rainfall and RSN on NO3-N Loss with Subsurface Drain Water 
The Mixed Model regression coefficients for predicting subsurface drain water NO3-
N concentrations from rainfall and RSN during mid-June (AP) are given in Table 6 and 7. 
The data represent the most statistically significant output of the four independent model runs 
for each crop/tillage treatment combination. Relationships developed for the one-week period 
after the mid-June (AP) soil sampling date were consistently non-significant. Therefore, this 
paper will discuss only the relationships developed for the two-week period after the AP 
sampling date. 
No-Till Corn 
We determined that NO3-N loss with subsurface drain water was best predicted by 
rainfall parameters and RSN in the top 60-cm of soil (RSNT) ( data not shown). RSN data for · 
three depth increments (0 to 15-, 15- to 30-, 30- to 60-cm) within the top 60-cm were then 
· used to develop a second model run for predicting NO3-N loss. The analysis showed that 
rainfall in the week before and in the 2-weeks after soil sampling and RSN at the 15- to 30-
and 30- to 60- cm depths contributed significantly to NO3-N loss in subsurface drain water 
during the 2-weeks after soil sampling (Table 6). The model was further modified by 
eliminating nonsignificant variables, and linear relationships were developed between 
observed and predicted subsurface NO3-N loss data (Figure 4). We found that the simpler, 
four-coefficient model (R2=0.69) predicted subsurface NO3-N loss as well as the larger 
model (R2=0.75). The relationship appears to be fairly linear (R2=0.69) but at values higher 
than about 10 kg N/ha the relationship level~ off (Figure 4 ). This suggests that another, 




The model analysis indicated that NO3-N loss with subsurface drain water under tilled 
corn was best predicted by rainfall and RSN in the top 60 cm of soil (RSNT) ( data not 
shown). However, the independent variables under all further model configurations failed to 
significantly predict subsurface drain water NO3-N levels under tilled corn (Table 6). The 
relationship between observed and predicted values is linear (R2=0.99), but there is a lack of 
data pairs between 2 and 10 kgN/ha (Figure 5). Perhaps this lack of data contributed to the 
poor ability of the regression model to predict NO3-N loss under tilled corn. 
No-Till Soybean 
Similar to corn, the model analysis for no-till soybean indicated that NO3-N loss with 
subsurface drain water under no-till soybean was best predicted by rainfall and RSN in the 
top 60 cm of soil (RSNT) ( data not shown). However, when data for three depth increments 
(0 to 15-, 15- to 30-, and 30- to 60- cm) were used as inputs, no parameters were found to be 
statistically significant at P<0.05. Rainfall in the 2-weeks following soil sampling was found 
to be moderately significant (P<0. l ), but this parameter alone failed to produce a statistically 
significant relationship (Table 7). The relationship between observed and predicted data for · 
soybean no-till was linear (R2=0.41) until around 6 kg N/ha and then leveled off (Figure 6). 
This suggests that another, untested parameter may be contributing to subsurface drain water 
NO3-N levels under no-till soybean. 
Tilled Soybean 
The initial model analysis for tilled soybean indicated NO3-N losses with subsurface 
drain water in the 2-weeks following the AP soil sampling date were best predicted by 
rainfall and RSN in the top 60 cm of soil (RSNT) ( data not shown) similar to no-till soybean. 
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However, when data for three depth increments (0 to 15-, 15- to 30-, and 30- to 60-cm) were 
used as inputs along with rainfall, no parameters were found to be statistically significant at 
P<0.05. RSN levels in the 15- to 30- and 30- to 60-cm depth increments were found to be 
moderately significant (P<0.l) (Table 7). The model was modified again, this time including 
only the RSN at 15- to 30- and 30- to 60-cm as input variables. The modified model 
predicted subsurface drain water NO3-N levels as well as the larger model (Figure 7). The 
relationship between observed and predicted NO3-N losses with subsurface drain water for 
both models is linear (R2=0.99), but the lack of data pairs between 2 and 8 kg N/ha observed 
for no-till soybean occurs again for tilled soybean (Figure 7). In this case, however, the 
models' ability to predict NO3-N loss was not impaired by this lack of data. 
SUMMARY AND CONCLUSIONS 
Mixed model regression analysis was used to develop relationships among rainfall 
parameters, RSN levels, and subsurface drain water NO3-N losses with subsurface drain 
water in mid-June under com and soybean plots at Iowa State University's Northeast 
Research Center. Precipitation, soil profile N concentrations, bulk density, subsurface drain 
water fluxes, and NO3-N concentration data used as model input variables in this study were 
collected as part of a 6-year study conducted from 1993 to 1998 by Kanwar et al. (1999). 
Regression results indicated that relationships among rainfall, RSN, and NO3-N 
losses with subsurface drain water were not consistent ,for the four treatment combinations. 
Rainfall and RSN values in the 15-to 60-cm depth interval contributed significantly to · 
subsurface drain water NO3-N losses with subsurface drain water in mid-June for no-till com. 
NO3-N losses under tilled com were not related to any of the model parameters in this study. 
Subsurface drain water NO3-N losses under no-till soybean in mid-June were not related to 
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RSN levels and were related to rainfall amounts. NO3-N losses under tilled soybean were 
related to RSN in the 15- to 60-cm depth increment but not to rainfall amounts. 
The strongest predictive relationships were those developed for no-till corn in mid-
June. The macropore structure under no-till corn coupled with timely late spring rainfall 
patterns likely contributed to the strength of these relationships. The undisturbed macropores 
. would favor downward NO3-N movement along preferential flow paths ifrainfall events 
occur at times when relatively high soil pore water NO3-N concentrations exist in the top 30-
cm of soil. 
This study has shown that subsurface drain water NO3-N losses with subsurface drain 
water were related to rainfall amounts and RSN levels in the 15~ to 60-cm soil layer, 
a,Ithough the relationships were not consistent and varied for the four treatment combinations. . 
Further experimental work is needed to clarify these inconsistencies in order to develop 
reliable predictive models. 
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Table 1. The soil sampling dates (1993-1998). 
Sampling Years 
staget 1993 1994 1995 1996 1997 1998 
AP June 17 June 8 July 11 June 25 July 2 June 17 
BH Aug. 25 July 6 -t July 22 July 22 July 15 
AH Nov.1 Oct. 28 Oct. 25 Oct. 17 Oct20 Nov. 7 
t AP = After planting; BH = Before harvesting; AH = After harvesting. 
:j: Data not sampled. · 
52 
Table 2. Average rainfall, residual soil nitrate-N (RSN) values, and N03-N loss with 
subsurface drainage water during the analysis periods for com under the no-till 
system. 
(a) Com -no-till 
Soil Year RainW Rainl Rain2 RSN at depths 
sampling cm cm Cm kg/ha 
at 
growth 0-15 cm 15-30 cm 30-60cm 60-90 90-120 
staget cm cm 
AP 1993 2.03 3.28 7.39 20.93 15.95 14.65 12.16 7.59 
1994 0.51 4.22 7.09 27.84 15.42 18.27 6.40 2.97 
1995 6.53 1.68 16.97 1.78 1.86 4.71 12.64 14.02 
1996 2.13 1.12 1.37 29.15 25.09 21.03 13.16 13.16 
1997 4.01 2.43 13.12 10.73 24.00 32.80 13.53 13.53 
1998 4.65 3.25 5.29 . 30.38 22.69 25.52 11.38 11.38 
BH 1993 11.15 2.62 4.72 9.57 4.11 6.02 6.72 9.40 
1994 0.91 6.50 14.07 17.79 5.37 13.05 11.68 6.43 
1996 1.19 1.09 2.36 4.57 5.37 15.81 9.10 9.10 
1997 2.69 9.92 10.31 12.98 3.41 10.56 8.58 8.58 
1998 0.43 0.64 0.68 2.45 1.67 11.51 9.32 9.32 
AH 1993 0.00 0.00 1.88 14.50 8.02 3.99 4.64 6.43 
1994 0.00 0.00 0.08 6.96 5.66 5.08 2.88 5.44 
1995 1.50 1.87 1.87 9.09 5.03 1.74 0.00 2.80 
1996 0.48 4.75 6.86 4.21 0.44 0.00 0.00 0.00 
1997 8.08 0.00 0.06 7.15 4.75 6.59 5.71 5.71 
1998 0.00 2.11 2.11 5.19 3.06 2.60 0.00 0.00 
t AP = After planting; BH = Before harvestmg; AH = After harvestmg; 
Rain W: Rainfall in 1-week prior to soil sampling; 
Rainl: Rainfall in 1-week after soil sampling; 
Rain2: Rainfall in 2-weeks after soil sampling. 
























Table 2. Average rainfall, residual soil nitrate-N (RSN) values, and NO3-N loss with 
subsurface drain water during the analysis periods for com under chisel plow 
system. 
(b) Com till 
Soil Year RainW Rainl Rain2 RSN at depths 
sampling cm cm Cm kg/ha 
at growth 
staget 
0-15 cm 15-30 cm 30-60 cm 60-90 cm 90-120 cm 
AP 1993 2.03 3.28 7.39 42.07 26.51 29.58 12.96 5.77 
1994 0.51 4.22 7.09 95.53 55.03 32.19 14.72 4.95 
1995 6.53 1.68 16.97 2.47 4.06 6.89 16.96 16.33 
1996 2.13 1.12 1.37 38.14 33.93 21.75 12.19 12.19 
1997 4.01 2.43 13.12 6.% 4.86 15.36 14.52 14.52 
1998 4.65 3.25 5.29 10.44 18.92 44.23 18.04 18.04 
BH 1993 11.15 2.62 4.72 6.53 3.67 3.48 4.64 5.77 
1994 0,.91 6.50 14.07 9.26 5.24 10.73 13.76 7.59 
1996 1.19 1.09 2.36 6.82 8.05 14.79 9.26 9.26 
1997 2.69 9.92 10.31 8.85 4.79 14.88 7.43 7.43 
1998 0.43 0.64 0.68 7.81 3.69 20.53 15.83 15.83 
AH 1993 0.00 0.00 1.88 9.93 4.76 9.06 14.08 6.60 
1994 0.00 0.00 0.08 7.64 6.38 7.83 3.68 5.44 
1995 1.50 1.87 1.87 12.54 8.05 3.77 1.92 6.60 
1996 0.48 4.75 6.86 5.87 1.31 0.00 0.00 0.00 
1997 8.08 0.00 0.06 9.30 5.21 8.42 4.73 4.73 
1998 0.00 2.11 2.11 7.64 3.57 2.55 0.00 0.00 
t AP = After planting; BH = Before harvesting; AH = After harvesting; 
RainW: Rainfall in I-week prior to soil sampling; 
Rain I: Rainfall in I-week after soil sampling; 
Rain2: Rainfall in 2-weeks after soil sampling. 

























Table 2. Average rainfall, residual soil nitrate-N (RSN) values, and NO3-N loss with 
subsurface drain water during the analysis periods for soybean under the no-till 
system. 
( c) Soybean rotated with com under no-till 
Soil Year RainW Rainl Rain2 RSN at depths 
sampling cm cm Cm kg/ha 
at growth 
staget 
0-15 cm 15-30 cm 30-60 cm 60-90 cm 90-120 cm 
AP 1993 0.28 0.76 4.62 4.59 4.01 5.66 4.64 5.61 
1994 0.51 4.22 7.09 11.24 7.27 7.69 4.64 2.80 
1995 6.53 1.68 16.97 5.24 3.84 3.48 5.44 5.77 
1996 2.13 1.12 1.37 13.12 6.53 10.01 7.31 7.31 
1997 4.01 0.48 4.71 9.86 9.57 13.65 5.85 5.85 
1998 4.65 3.25 5.29 8.85 6.09 8.56 5.85 5.85 
BH 1993 11.15 2.62 4.72 9.86 6.43 5.51 10.40 7.75 
1994 0.91 6.50 14.07 8.63 2.59 3.48 3.68 2.97 
1996 1.19 1.09 2.36 5.00 3.26 8.27 6.66 6.66 
1997 2.69 3.88 4.01 6.38 9.57 9.75 7.80 7.80 
1998 0.43 0.64 0.68 5.79 4.70 6.74 6.69 6.69 
AH 1993 0.00 0.00 1.88 8.87 6.94 7.69 3.68 5.44 
1994 0.00 0.00 0.08 8.31 4.21 5.95 2.88 3.63 
1995 1.50 1.87 1.87 8.87 6.65 2.47 2.88 0.99 
1996 0.48 4.75 6.86 12.11 4.42 2.47 2.76 2.76 
1997 8.08 2.67 7.21 7.11 19.57 19.05 5.63 5.63 
1998 0.00 2.11 2.11 9.12 6.05 6.86 2.81 2.81 
t AP = After planting; BH = Before harvesting; AH = After harvesting; 
RainW: Rainfall in 1-week prior to soil sampling; 
Rainl: Rainfall in 1-week after soil sampling; 
Rain2: Rainfall in 2-weeks after soil sampling. 

























Table 2. Average rainfall, residual soil nitrate-N (RSN) values and NO3-N loss with 
subsurface drain water during the analysis periods for soybean under chisel plow 
com. 
( d) Soybean rotated with com under chisel plow. 
Soil Year RainW Rain! Rain2 RSN at depths 
samplin cm cm Cm kg/ha 
g at 
growth 0-15 cm 15-30 cm 30-60 cm 60-90 cm 90-120 
staget cm 
AP 1993 0.28 0.76 4.62 13.03 11.19 14.21 11.20 8.41 
1994 0.51 4.22 7.09 21.75 12.62 10.44 2.88 1.98 
1995 6.53 1.68 16.97 3.87 2.13 3.84 9.28 8.41 
1996 2.13 1.12 1.37 17.76 9.93 12.47 8.45 8.45 
1997 4.01 0.48 4.71 8.05 5.22 11.70 7.80 7.80 
1998 4.65 3.25 · 5.29 10.44 10.44 11.17 8.29 8.29 
BH 1993 11.15 2.62 4.72 13.15 5.70 3.84 12.96 9.40 
1994 0.91 6.50 14.07 6.72 4.16 6.82 4.48 4.78 
1996 1.19 1.09 2.36 6.67 4.93 8.12 7.48 7.48 
1997 2.69 3.88 4.01 8.12 1.74 11.38 5.85 5.85 
1998 0.43 0.64 0.68 7.70 4:62 7.46 6.62 6.62 
AH 1993 0.00 0.00 1.88 18.73 13.12 14.50 5.60 6.76 
1994 0.00 0.00 0.08 15.32 11.79 9.28 3.68 3.79 
1995 1.50 1.87 1.87 8.48 6.11 3.41 2.88 3.79 
1996 0.48 4.75 6.86 12.25 5.44 2.47 1.95 1.95 
1997 8.08 2.67 7.21 10.39 12.02 19.06 9.29 9.29 
1998 0.00 2.11 2.11 8.92 5.73 6.07 1.86 1.86 
t AP = After planting; BH = Before harvesting; AH = After harvesting. 
Rain W: Rainfall in 1-week prior to soil sampling; 
Rainl: Rainfall in 1-week after soil sampling; 
Rain2: Rainfall in 2-weeks after soil sampling. 
























Table 3. 6-year (1993-1998) average rainfall amounts for different time periods 
during the growing season. 






Amount of rainfall, cm 
1-weekprior 



























t AP = After planting; BH = Before harvesting; AH = After harvesting. 
:j: Numbers inside parentheses are standard error values. 
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Table 4. Average NO3-N loss with subsurface drain water 
for different analysis periods for com crop. 
(a) Com: no-till 


























(b) Com: chisel plow 


























t AP = After planting; BH = Before harvesting; AH= After harvesting. 
:t: Numbers inside parentheses are standard error values. 
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Table 5. Average NO3-N loss with subsurface drain water 
for different analysis periods for soybean crop. 
(a) Soybean rotated with com under no-till 






NO3-N loss with subsurface drain 
-water, (kg/ha)* 









(b) Soybean rotated with com under chisel plow 
Soil sampling at NO3-N loss with subsurface drain 





I-week analysis 2-week 








t AP = After planting; BH = Before harvesting; AH = After harvesting. 
:I: numbers inside parenthesis are standard error values. 
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Table 6. Estimated values of regression coefficients obtained from mixed model 
regression procedure to predict NO3-N loss with subsurface drain water in 2-
week analysis period for after-planting growth stage under com crop. 
System Independent 
variablest 














* significant for 0.01 <=P<0.05; 
ms: moderately significant; 
















t RSNl=RSN at Oto 15- cm, RSN2=RSN at 15- to 30- cm, RSN3=RSN at 30- to 60-
cm, RSNB=60- to 120- cm depth. 
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Table 7. Estimated values of regression coefficients obtained from mixed model 
regression procedure to predict NO3-N loss with subsurface drain water in 2-week 
analysis period for after-planting growth stage under soybean crop. 
System Independent variablest 







CS: Soybean chisel . Intercept . 
plow 
* significant for 0.01 <=P<0.05; 























t RSNl=RSN at Oto 15- cm, RSN2=RSN at 15- to 30- cm, RSN3=RSN at 30- to 60-
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Figure 2. Average values ofRSN at different depths in no-till and chisel plow com plots. 
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Figure 6. Predicted vs. observed N03-N losses with subsurface drain water in soybean 
rotated with com-no-till. 
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Figure 7. Predicted vs. observed N03-N losses with subsurface drain water in soybean 
rotated with chisel plow com. 
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CHAPTER 4. SUMMARY AND GENERAL CONCLUSIONS 
SUMMARY AND CONCLUSIONS. 
Rainfall patterns and residual soil nitrate-nitrogen (RSN) may influence nitrate.:. 
nitrogen (NO3-N) losses with subsurface drain water NO3-N losses in artificially drained 
agricultural lands. Assessments of various factors controlling NO3-N losses t~ surface. and .. 
groundwater system is very important. These factors could be used to develop predictive 
lllodels which would then be help~l in minimizing NO3-N contamination of water resources. 
A study was conducted to determine the effects of RSN and rainfall on NO3-N losses with 
subsurface drain water under continuous com and com soybean-rotation systems with no till 
and conventional tillage ( chis~l plow) management. Six year of data (1993-1998) were used 
for the study. The experimental site for this study was located at Iowa State University's 
Northeast Research Center near Nashua, Iowa which consisted of poor to moderately drained 
soil. The site has 36 ha, 0.4-ha plots under com-soybean production system. In the com plots, 
nitrogen fertilizer (UAN) was incorporated before planting the com and soybean plots 
received no application of fertilizer. The continuous com plots under chisel plow treatment 
whereas, soybean plots received no tillage treatment rotated with either no-till or chisel plow 
com. In order to determine the effect of RSN and rainfall on NO3-N losses with subsurface 
drain water, the NO3-N losses with subsurface drain water were regressed against the rainfall 
amounts and RSN levels at different soil depths by using mixed model procedure in SAS 
statistical package. The study lead to the following conclusions: 
1. The RSN levels and NO3-N losses with subsurface drain water were observed relatively 
higher in June during after planting (AP) growth stage under both continuous com and 
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com soybean cropping systems. The duration, 3 to 4 weeks after planting (AP) in June, 
was found to be as the critical period for NO3-N loss with subsurface drain water, 
therefore, the effect ofRSN and rainfall on the NO3-N loss with subsurface drain water 
was investigated only for the early part of the growing season. 
2. In the month of June, particularly in com plots, about 70% of total RSN in the soil profile 
of 120 cm depth was observed in upper 60-cm of soil layer. However, with the time, the 
depletion in RSN levels was relatively faster in upper 60-cm soil layer than in the deeper 
soil profile. By the end of July and before harvesting (BH) growth stage, the RSN levels 
in upper 60-:-cm soil layer reduced to 35% ofRSN levels of that observed in June. During 
later growth stages, the RSN amounts in whole of the profile were found to be nearly 
uniform. 
3. For the.continuous com production system under conventional tillage system (chisel 
plow), the NO3-N loss with subsurface drain water was best predicted by the amount of 
rainfall and RSN in the upper 60-cm soil layer. However, for small leaching period of 1-
week after soil sampling date, the NO3-N loss with subsurface drain water was found to 
be affected by rainfall and the RSN in 60- to120-cm soil layer. However, in till-com 
under com-soybean system, the effect ofRSN and rainfall on the NO3-N loss with 
subsurface drain water was not found to be significant. 
4. Under com soybean rotation, the NO3-N losses with subsurface drain water were higher 
in the com year in comparison to soybean year and the relationships between RSN and 
NO3-N loss with subsurface drain water varied for com and soybean years. The NO3-N 
loss with subsurface water in June was best predicted by the rainfall amounts and the 
RSN at 15- to 60- cm soil layer in no-till com plots and till-soybean plots. The 
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effect of tillage under both the crops was significant. The RSN amounts and rainfall 
amounts were not found to be significantly related to the N03-N losses with subsurface 
drain water under till com and no-till soybean. 
5. The most significant relationships between RSN and the total N03-N loss were found for 
the leaching response periods of 2-weeks foll_owing AP soil sampling date. Therefore, 
this 2-week period, following the soil sampling date, appears to be most appropriate 
period for predicting the N03-N loss with subsurface drain water in functional 
relationship with RSN and rainfall amounts.· 
RECOMMENDATIONS FOR FUTURE RESEARCH 
Future research could be focused on understanding the effect of residual soil nitrate-
nitrog;en (RSN) on nitrate-nitrogen (N03-N) loss with subsurface drain water during late fall 
and early spring. Additional data that describe the status of water table during the growing 
season would be an important inform~.tion for describing the changes in the soil moisture 
contents and subsequent N03-N movement through the soil profile. 
The RSN accumulation in soil profile at different depths may be correlated with the 
yield responses in order to get the affect of RSN on yield. Future research efforts need to be 
made on determining the nitrogen budget in the soil profile at different growth stages, which 
include different forms of nitrogen in the soil-water-plant continuum. Different nitrogen 
processes in the soil water system include mineralization, nitrification, immobilization, 
denitrification and N03-N leaching. These processes directly or indirectly are affected by the 
soil organic matter, soil temperature and soil moisture, crop, tillage practices and climatic 
variables .. By knowing the rate constants for different' processes under different management 
practices, it would be possible to determine the critical sources and sinks of nitrate-nitrogen 
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and help in developing crop and manure management practices to reduce the leaching of 
NO3-N to shallow groundwater. 
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. APPENDIXA 
· . DETAILED.DATA FOR CONTINUOUS CORN PRODUCTION 
SYSTEM 
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Appendix A. Values of rainfall, residual soil nitrate-N and nitrate-N loss with subsurface 
drain water ( continued) 
Staget Plot Soil Sampling Rainfall in the period w.r. to Nitrate-N loss with Residual soil nitrate-N at 
Date soil sampling date, cm subsurface drain water, Different depths, kg/ha 
kg/ha 
I-week I-week 2-weeks I -week after 2-weeks after 0-15 cm 15-30 cm 30-60 cm 60-90 cm 
prior to after after soil sampling soil sampling 
AP 5 06/17/93 2.03 3.2E 7.39 1.92 3.04 21.9 26.1 16.97 8.H 
BH 5 08/25/93 11.15 2.62 4.72 I.? 2.34 1.74 0.8 3.92 8.6'1 
AH 5 11/01/93 ( ( 1.88 0 0 12.11 9.93 1.31 2.88 
AP 21 06/17/93 2.03 3.2E 7.39 1.73 2.49 35.53 36.83 36.54 13.41 
BH 21 08/25/93 11.15 2.62 4.72 1.2 1.44 6.75 4.05 4.18 8.41 
AH 21 11/01/93 ( ( 1.88 0 0 16.97 11.46 5.22 2.8E 
AP 26 06/17/93 2.03 3.28 7.39 1.77 4.69 71.87 41.92 48.72 15.6€ 
BH 26 08/25/93 11.15 2.62 4.72 2.56 4.33 5.82 0.83 0 2.61 
AH 26 11/01/93 ( ( 1.88 0.01 0.01 24.78 16.21 2.73 ( 
AP 5 06/08/94 0.51 4.22 7.09 0 0 38.35 14.14 15.66 ( 
BH 5 07/06/94 0.91 6.5 14.07 0.44 0.76 6.53 0.8 5.22 8.H 
AH 5 10/28/94 C ( 0.08 0 0 7.4 6.53 7.4 ( 
AP 21 06/08/94 0.51 4.22 7.09 0 0 8.48 7.32 10.01 ( 
BH 21 07/06/94 0.91 6.5 14.07 0.55 1.05 421 0.87 0 8.H 
AH 21 10/28/94 ( ( 0.08 0 0 9.57 6.96 8.27 5.28 
AP 26 06/08/94 0.51 4.22 7.09 0 0.01 62.42 18.34 15.23 2.88 
BH 26 07/06/94 0.91 6.5 14.07 0.63 1.22 IO.IS .. 4.64 10.01 8.64 
AH 26 10/28/94 ( ( 0.08 0 0 12.04 10.44 8.27 2.88 
AP 5 07/11/95 6.53 0.6€ 5.92 0.93 1.17 1.74 1.74 5 17.28 
AH 5 10/25/95 1.5 2.01 3.84 0 C 5.15 4.28 1.31 ( 
AP 21 07/11/95 6.53 0.6€ 5.92 0.93 1.17 6.31 5.58 11.53 24.9€ 
AH 21 10/25/95 1.5 2.01 3.84 0 C 8.48 6.8 2.39 ( 
BH 26 07/11/95 6.53 0.6€ 5.92 1.04 1.14 1.74 2.39 8.64 
AH 26 10/25/95 1.5 2.01 ' 3.84 0 0 13.12 8.48 2.83 ( 
AP 5 06/25/9€ 2.13 1.12 1.37 0 C 25.67 16.97 25.67 14.14 
BH 5 07/22/9€ 1.IS I.OS 2.36 0 0 6.09 7.4 4.79 19.01 
AH 5 10/17/96 0.48 4.75 6.86 0 0 4.79 1.31 0 C 
AP 21 06/25/96 2.13 1.12 1.37 1.13 1.39 21.97 25.01 31.76 11.21 
BH 21 07/22/96 1.IS I.OS 2.36 0 0 7.4 17.18 14.79 8.2S 
AH 21 10/17/96 0.4E 4.75 6.86 0 0 5 0 0 5.3€ 
AP 26 06/25/96 2.13 1.12 1.37 0.51 0.57 8.92 8.92 12.62 13.65 
BH 26 07/22/96 1.IS I.OS 2.36 0 0 6.09 1.31 5.22 5.36 
AH 26 10/17/96 0.48 4.75 6.86 0 0 7.61 2.61 0 C 
AP 5 07/02/97 4.01 1.24 5.61 0 0 5.22 5.22 70.2 45.83 
BH 5 07/22/97 2.69 3.91 4.06 0 0 2.61 ( 23.4 34.13 
AH 5 10/20/9i 8.08 ( 0.08 om 0.09 2.51 15.65 50.89 11.18 
AP 21 07/02/97 4.01 1.24 5.61 0 0 6.53 2.61 11.7 11.7 
BH 21 07/22/97 2.65 3.91 4.06 0 0 18.4S 10.01 16.58 16.58 
AH 21 10/20/97 8.08 ( 0.08 0.44 0.45 5.05 5.13 0 16.4 
AP 26 07/02/97 4.01 1.24 5.61 0 0 14.7S IO.SE 24.38 16.58 












































Appendix A. Values of rainfall, residual soil nitrate-N and nitrate-N loss with subsurface 
drain water 
Stage Plot Soil Sampling Rainfall in the period w.r, to Nitrate-N loss with Residual soil nitrate-N at 
Date soil sampling date, cm subsurface drain water, Different depths, kg/ha 
kg/ha 
I-week I-week 2-weeks I -week after 2-weeks after 0-15 cm 15-30 cm 30-60cm 60-90 cm 
prior after after soil sampling soil sampling 
AH 2 10/20/97 8.08 C 0.08 0.2S 0.34 8.91 13.45 18.43 17.18 
AP 06/17/98 4.65 8.2€ 13.44 4.1 7.H 28.4~ 55.68 70.91 22.91 
BH 07/15/98 0.43 1.63 1.73 0.1 0.11 5.95 2.4'1 19.03 18.91 
AH 11/07/98 0 5.3€ 5.3( 0.47 0.8( 5.3 3-:S 5.1 2.83 
AP 2 06/17/98 4.65 8.2€ 13.M 3.7 6.22 7.83 14.14 54.81 34.13 
BH 2 07/15/98 0.43 1.63 1.73 ( ( 3.63 1.2( 9.83 16.2 
AH 2 11/07/98 0 5.36 5.3€ 0.37 0.61 5.23 3.9~ 2.46 2.72 
AP 2 06/17/98 4.65 8.26 13.44 6.1 10.79 6.53 9.35 20.88 11.7 
BH 2 07/15/98 0.43 1.63 1.73 0.04 0.04 2.51 1.2( 9.94 16.6€ 
AH 2 11/07/98 0 5.36 5.3€ 0.4 0.69 11.74 6.88 8.27 2.78 














DETAILED DATA FOR CORN-SOYBEAN PRODUCTION SYSTEM 
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Appendix B. Values of rainfall, residual soil nitrate-N and nitrate-N loss with subsurface 
drain water under com-soybean production system ( continued) 
Crop Tillage Plot# Growth Soil Rainfall in the period w.r.to Nitrate-N loss with Residual soil nitrate-N at 
systeml stage t Sampling soil sampling date, cm subsurface drain Different depths, kg/ha Date water, kg/ha 
I-week I-week 2- I-week 2-weeks 0-15 cm 15-30 cm 30-60 60-90cm 
prior to after soil weeks after soil after soil cm 
sampling after sampling sampling 
Com NT 14 AP 06/17/93 2.03 3.28 7.39 1.64 2.47 7.76 7.76 10.22 11.04 
Com NT 14 BH 08/25/93 11.15 2.62 4.72 1.01 1.58 5.37 3.48 3.92 5.76 
Com NT 14 AH 11/01/93 0.00 0.00 1.88 0.00 0.00 12.47 6.53 2.61 2.88 
Com NT 25 AP 06/26/93 2.03 3.28 7.39 1.12 1.96 5.87 9.50 16.53 11.04 
Com NT 25 BH 08/25/93 11.15 .2.62 4.72 0.90 1.39 9.93 4.42 6.53 8.64 
Com NT 25 AH 11/01/93 0.00 0.00 1.88 0.00 0.00 9.72 7.40 1.31 2.88 
Com NT 31 AP 06/26/93 2.03 3.28 7.39 1.59 2.61 49.16 30.60 17.18 14.40 
Com NT 31 BH 08/25/93 11.15 2.62 4.72 0.00 0.00 13.41 4.42 7.61 . S.76 
Com NT 31 AH 11/01/93 0.00 0.00 1.88 0.24 0.40 21.32 IO.IS 8.05 8.16 
Com Till 6 AP 06/17/93 2.03 3.28 7.39 1.13 1.69 4.28 4.28 7.83 8.64 
Com Till 6 BH 08/25/93 11.15 2.62 4.72 1.27 1.61 1.74 S.37 3.92 0.00 
Com Till 6· AH 11/01/93 0.00 0.00 1.88 0.00 0.00 3.84 2.83 10.01 36.96 
Com Till 32 AP 06/26/93 2.03 3.28 7.39 0.27 0.46 103.17 57.78 57.20 16.32 
Com Till 32 BH 08/25/93 11.15 2.62 4.72 0.91 1.01 11.17 2.61 6.53 S.76 
Com Till 32 AH 11/01/93 0.00 0.00 1.88 0.00 0.00 14.21 S.66 8.92 0.00 
Com Till 36 AP 06/26/93 2.03 3.28 7.39 0.97 1.73 18.78 17.47 23.71 13.92 
Com Till 36 BH 08/25/93 11.15 2.62 4.72 1.34 1.62 6.67 3.05 0.00 8.16 
Com Till 36 AH 11/01/93 0.00 0.00 1.88 0.00 0.00 11.75 S.80 8.27 5.28 
Com NT 2 AP· 06/08/94 O.Sl 4.22 7.09 0.21 0.37 14.SO 11.46 17.40 S.76 
Com NT 2 BH 07/06/94 0.91 6.50 14.07 0.90 l.SS 18.71 7.25 18.71 13.92 
Com NT 2 AH 10/28/94 0.00 0.00 0.08 0.00 0.00 S.66 S.66 5.22 2.88 
Com NT 16 AP 06/08/94 0.51 4.22 7.09 0.08 0.15 15.44 10.80 1827 8.16 
Com NT 16 BH 07/06/94 0.91 6.50 14.07 0.57 0.98 19.65 3.26 10.01 11.04 
Com NT 16 AH 10/28/94 0.00 0.00 0.08 0.00 0.00 8.77 6.45 5.22 2.88 
Com NT 20 AP 06/08/94 0.51 4.22 7.09 0.73 1.26 53.58 24.00 19.14 5.28 
Com NT 20 BH 07/06/94 0.91 6.50 14.07 1.53 2.69 15.01 5.58 10.44 10.08 
Com NT 20 AH 10/28/94 0.00 0.00 0.08 0.00 0.00 6.45 4.86 4.79 2.88 
Com Till 4 AP 06/08/94 0.51 4.22 7.09 0.00 0.00 51.55 38.64 25.23 8.16 
Com Till 4 BH 07/06/94 0.91 6.50 14.07 0.23 0.41 10.80 7.47 10.01 13.92 
Com Till 4 AH 10/28/94 0.00 0.00 0.08 0.00 0.00 9.06 8.34 10.44 2.88 
Com Till 18 AP 06/08/94 O.Sl 4.22 7.09 0.00 0.00 145.73 97.44 43.94 30.24 
Com Till 18 BH 07/06/94 0.91 6.50 14.07 0.12 0.22 10.66 S.73 14.79 16.32 
Com Till 18 AH 10/28/94 0.00 0.00 0.08 0.00 0.00 7.47 6.89 7.83 5.28 
Com Till 33 AP 06/08/94 0.51 4.22 7.09 0.00 0.00 89.32 29.00 27.41 5.76 
Com Till 33 BH 07/06/94 0.91 6.50 14.07 0.07 0.13 6.31 2.54 7.40 . 11.04 
Com Till 33 AH 10/28/94 0.00 0.00 0.08 0.00 0.00 6.38 3.92 5.22 2.88 
Com NT 14 AP 07/11/95 6.53 1.68 16.97 0.72 0.90 3.26 2.54 6.31 13.44 









































Appendix B Values of rainfall, residual soil nitrate-N and nitrate-N loss with subsurface 
drain water under corn-soybean production system ( continued) 
Crop Tillage Plot# Growth Soil Rainfall in the period w.r. Nitrate-N loss with Residual soil nitrate-N at 
systemt staget Sampling to soil sampling date, cm subsurface drain Different depths, kg/ha 
Date water, kg/ha 
1- I-week 2-weeks I-week 2-weeks 0-15 cm 15-30 cm 30-60 60-90cm 
week after soil after soil after soil after soil cm 
prior sampling sampling sampling sampling 
to 
Corn NT 25 AP 07/11/95 6.53 l.68 16.97 0.56 0.62 l.31 3.05 6.53 16.32 
Corn NT 25 AH 10/25/95 l.50 l.87 l.87 0.01 0.04 12.ll 6.02 1.31 0.00 
Corn NT 31 AP 07/11/95 6.53 l.68 16.97 0.69 l.02 0.76 0.01 l.31 8.16 
Corn NT 31 AH 10/25/95 l.50 l.87 l.87 0.20 0.67 8.27 3.92 l.31 0.00 
Corn Till 6 AP 07/11/95 6.53 l.68 16.97 0.34 0.34 l.60 l.74 7.61 8.64 
Corn Till 6 AH 10/25/95 l.50 l.87 l.87 0.00 0.00 14.94 9.72 2.39 2.88 
Corn Till 32 AP 07/11/95 6.53 l.68 16.97 0.06 0.06 l.60 7.69 7.61 19.68 
Corn Till 32 AH 10/25/95 l.50 l.87 l.87 0.00 0.00 7.11 5.08 3.70 0.00 
Corn Till 36 AP 07/11/95 6.53 l.68 16.97 0.13 0.13 4.21 2.76 5.44 22.56 
Corn Till 36 AH 10/25/95 l.50 l.87 l.87 0.00 0.01 15.59 9.35 5.22 2.88 
Corn NT 2 AP 06/25/96 2.13 l.12 l.37 l.61 2.04 40.46 33.06 25.23 ll.21 
Corn NT 2 BH 07/22/96 l.19 l.09 2.36 0.00 0.00 0.00 0.00 10.01 10.73 
Corn NT 2 AH 10/17/96 0.48 4.75 6.86 0.00 0.00 5.00 0.00 0.00 0.00 
Corn NT 16 AP 06/25/96 2.13 l.12 l.37 l.26 l.62 32.84 31.97 23.06 17.06 
Corn NT 16 BH 07/22/96 l.19 l.09 2.36 0.00 0.00 8.70 8.70 22.19 8.29 
Corn NT 16 AH 10/17/96 0.48 4.75 6.86 0.00 0.00 2.61 0.00 0.00 0.00 
Corn NT 20 AP 06/25/96 2.13 l.12 l.37 2.34 3.11 14.14 10.22 14.79 11.21 
Corn NT 20 BH 07/22/96 l.19 l.09 2.36 0.00 0.00 5.00 7.40 15.23 8.29 
Corn NT 20 AH 10/17/96 0.48 4.75 6.86 0.00 0.00 5.00 l.31 0.00 0.00 
Corn Till 4 AP 06/25/96 2.13 l.12 l.37 l.00 l.28 16.75 17.18 23.93 14.63 
Corn Till 4 BH 07/22/96 l.19 l.09 2.36 0.00 0.00 5.00 8.70 14.79 8.29 
Corn Till 4 AH 10/17/96 0.48 4.75 6.86 0.00 0.00 7.40 2.61 0.00 0.00 
Corn Till 18 AP 06/25/96 2.13 l.12 l.37 0.95 1.19 45.68 37.19 21.75 10.73 
Corn Till 18 BH 07/22/96 1.19 l.09 2.36 0.00 0.00 8.27 8.27 17.40 8.29 
Corn Till 18 AH 10/17/96 0.48 4.75 6.86 0.00 0.00 2.39 0.00 0.00 0.00 
Corn Till 33 AP 06/25/96 2.13 1.12 l.37 0.78 0.94 51.98 47.42 19.58 l l.21 
Corn Till 33 BH 07/22/96 1.19 l.09 2.36 0.00 0.00 7.18 7.18 12.18 11.21 
Corn Till 33 AH 10/17/96 0.48 4.75 6.86 0.00 0.00 7.83 l.31 0.00 0.00 
Corn NT 14 AP 07/02/97 4.01 2.43 13.12 3.50 5.43 12.83 66.77 75.84 17.82 
Corn NT 14 BH 07/22/97 2.69 9.92 10.31 0.21 0.35 7.83 3.70 28.80 11.39 
Corn NT 14 AH 10/20/97 8.08 0.00 0.06 0.73 l.12 9.95 5.ll 8.47 8.46 
Corn NT 25 AP 07/02/97 4.01 2.43 13.12 0.33 0.33 7.61 2.61 8.64 ll.39 
Corn NT 25 BH 07/22/97 2.69 9.92 10.31 0.00 0.00 19.79 5.22 2.88 8.42 
Com NT 25 AH 10/20/97 8.08 0.00 0.06 0.29 0.42 6.41 5.24 8.52 8.68 
Corn NT 31 AP 07/02/97 4.01 2.43 13.12 4.71 6.68 l l.75 2.61 13.92 ll.39 
Corn NT 31 BH 07/22/97 2.69 9.92 10.31 0.69 l.46 l l.31 l.31 0.00 5.94 
Corn NT 31 AH 10/20/97 8.08 0.00 0.06 l.22 l.22 5.09 3.91 2.78 0.00 









































Appendix B Values of rainfall, residual soil nitrate-N and nitrate-N loss with subsurface 
drain water under com-soybean production system ( continued) 
Crop Tillage Plot# Growth Soil Rainfall in the period w.r. Nitrate-N loss with Residual soil nitrate-N at 
systemt staget Sampling to soil sampling date, cm. subsurface drain Different depths, kg/ha Date water, kg/ha 
1- I-week 2-weeks I-week 2-weeks 0-15 cm 15-30cm 30-60 60-90cm 
week after soil after soil after soil after soil cm 
. ·. prior sampling sampling sampling sampling 
Com Till 6 BH 07/22/97 2.69 9.92 10.31 0.00 0.00 2.61 0.00 2.88 8.42 
Com Till 6 AH 10/20/97 8.08 0.00 0.06 0.14 0.14 15.17 6.48 8.32 5.71 
Com Till. 32 AP 07/02/97 4.01 2.43 13.12 0.31 0.38 6.31 1.31 5.76 8.91 
Com Till 32 BH 07/22/97 2.69 9.92 10.31 O.oI O.oI 9.14 0.00 2.88 5.45 
Com Till 32 AH 10/20/97 8.08 0.00 0.06 0.00 0.00 6.42 3.90 8.45 2.81 
Com Till 36 AP 07/02/97 4.01 2.43 13.12 0.39 0.43 10.66 13.27 32.16 20.30 
Com Till 36 BH 07/22/97 2.69 9.92 10.31 0.00 0.00 14.79 14.36 38.88 8.42 
Com Till 36 AH 10/20/97 8.08 0.00 0.06 0.01 0.01 6.30 5.27 8.51 5.68 
Com NT 2 AP 06/17/98 4.65 3.25 5.29 6.78 10.79 31.32 25.01 31.76 11.70 
Com NT 2 BH 07/15/98 0.43 0.64 0.68 0.08 0.08 3.65 1.24 9.62 8.47 
Com NT 2 AH 11/07/98 0.00 2.11 2.11 0.31 0.53 5.12 2.62 2.55 0.00 
Com NT 16 AP 06/17/98 4.65 3.25 5.29 0.18 0.21 56.12 33.50 23.93 11.21 
Com NT 16 BH 07/15/98 0.43 0.64 · 0.68 0.54 0.90 2.45 2.52 14.90 11.10 
Com NT 16 AH 11/07/98 0.00 2.11 2.11 0.79 1.01 5.22 2.56 2.60 0.00 
Com NT 20 AP 06/17/98 4.65 3.25 5.29 10.44 16.7) 3.70 9.57 20.88 11.21 
Com NT 20 BH 07/15/98 0.43 0.64 0.68 0.49 0.57 1.24 1.24 10.00 8.38 
Com NT 20 AH 11/07/98 0.00 2.11 2.11 1.19 1.93 5.24 3.98 2.64 0.00 
Com Till 4 AP 06/17/98 4.65 3.25 5.29 6.54 10.52 10.66 14.36 35.24 17.06 
Com Till 4 BH 07/15/98 0.43 0.64 0.68 0.13 0.13 14.87 4.87 24.81 19.87 
Com Till 4 AH 11/07/98 0.00 2.11 2.11 0.56 0.99 7.76 3.98 2.60 0.00 
Com Till 18 AP 06/17/98 4.65 3.25 5.29 }.57 12.38 9.14 17.40 63.95 17.06 
Com Till 18 BH 07/15/98 0.43 0.64 0.68 0.00 0.00 3.65 2.41 21.85 16.45 
Com Till 18 AH 11/07/98 0.00 2.11 2.11 0.19 0.31 6.33 2.64 2.56 0.00 
Com Till 33 AP 06/17/98 4.65 3.25 5.29 6.36 IO.IO 11.53 25.01 33.50 19.99 
Com Till 33 BH 07/15/98 0.43 0.64 0.68 0.00 0.00 4.90 3.80 14.91 11.16 
Com Till 33 AH 11/07/98 0.00 2.11 2.11 0.17 0.17 8.83 4.10 2.48 0.00 
Soybean NT 2 AP 06/17/93 0.28 0.76 4.62 1.39 2.01 5.37 4.35 6.53 5.76 
Soybean NT 2 BH 08/26/93 11.15 2.62 4.72 0.68 0.90 6.09 3.48 3.92 8.64 
Soybean NT 2 AH 11/02/93 0.00 0.00 1.88 0.00 0.00 8.05 5.58 7.83 0.00 
Soybean NT 16 AP 06/17/93 0.28 0.76 4.62 1.45 2.11 3.05 3.19 5.22 5.28 
Soybean NT 16 BH 08/26/93 11.15 2.62 4.72 0.67 0.91 11.38 7.47 6.53 8.64 
Soybean NT 16 AH 11/02/93 0.00 0.00 1.88 0.06 0.09 9.86 7.40 7.40 5.76 
Soybean NT 20 AP 06/17/93 0.28 0.76 4.62 2.27 3.28 5.37 4.50 5.22 2.88 
Soybean NT 20 BH 08/26/93 11.15 2.62 4.72 1.01 1.47 12.11 8.34 6.09 13.92 
Soybean NT 20 AH 11/02/93 0.00 0.00 1.88 0.38 0.63 8.70 7.83 7.83 5.28 
Soybean Till 4 AP 06/17/93 0.28 0.76 4.62 1.54 2.29 16.89 12.54 15.88 11.52 
Soybean Till 4 BH 08/26/93 11.15 2.62 4.72 1.21 1.60 7.54 4.79 2.61 8.64 









































Appendix B Values of rainfall, residual soil nitrate-N and nitrate-N loss with subsurface 
drain water under com-soybea,n production system ( continued) 
Crop Tillage Plot# Growth Soil Rainfall in the period w.r.to Nitrate-N loss with Residual soil nitrate-N at 
systeml staget Sampling soil sampling date, cm subsurface drain Different depths, kg/ha 
Date water, kg/ha 
1- I-week 2-weeks I-week 2-weeks 0-15 cm 15-30cm 30-60 60-90cm 
week after soil after soil after soil after soil cm 
prior sampling sampling sampling sampling 
Soybean Till 18 AP 06/17/93 0.28 0.76 4.62 1.75 2.54 10.08 9.50 12.62 11.04 
Soybean Till 18 BH 08/26/93 11.15 2.62 4.72 0.92 1.09 15.52 7.69 3.92 13.92 
Soybean Till 18 AH 11/02/93 0.00 0.00 1.88 0.00 0.00 19.07 14.43 20.01 5.28 
Soybean Till 33 AP 06/17/93 028 0.76 4.62 1.58 2.41 12.11 11.53 14.14 11.04 
Soybean Till 33 BH 08/26/93 11.15 2.62 4.72 1.09 1.27 16.39 4.64 5.00 16.32 
Soybean Till 33 AH 11/02/93 0.00 0.00 1.88 0.00 0.00 15.01 11.96 11.53 5.76 
Soybean NT 14 AP 06/08/94 0.51 4.22 7.09 0.02 0.04 6.38 4.64 4.79 5.76 
Soybean NT 14 BH 07/06/94 0.91 6.50 14.07 0.47 0.81 5.66 1.74 5.22 5.76 
Soybean NT 14 AH 10/28/94 0.00 0.00 0.08 0.00 0.00 6.53 3.92 7.40 0.00 
Soybean NT 25 AP 06/08/94 0.51 4.22 7.09 0.00 0.00 8.63 7.32 7.83 5.28 
Soybean NT 25 BH 07/06/94 0.91 6.50 14.07 ·0.63 1.17 7.25 3.05 2.61 0.00 
Soybean NT 25 AH 10/28/94 0.00 0.00 0.08 0.00 0.00 8.27 5.66 7.83 2.40 
Soybean NT 31 AP 06/08/94 0.51 4.22 7.09 0.17 0.31 18.71 9.86 10.44 2.88 
Soybean NT 31 BH 07/06/94 0.91 6.50 14.07 0.52 0.90 12.98 2.97 2.61 5.28 
Soybean NT 31 AH 10/28/94 0.00 0.00 0.08 0.00 0.00 10.15 3.05 2.61 6.24 
Soybean Till 6 AP 06/08/94 0.51 4.22 7.09 0.00 0.00 12.91 9.72 10.88 2.88 
Soybean Till 6 BH 07/06/94 0.91 6.50 14.07 0.37 0.64 6.74 6.02 7.83 5.28 
Soybean Till 6 AH 10/28/94 0.00 0.00 0.08· 0.00 0.00 8.85 - 7.98 7.40 2.88 
Soybean Till 32 AP 06/08/94 0.51 4.22 7.09 0.00 0.00 13.63 10.88 10.01 2.88 
Soybean Till 32 BH 07/06/94 0.91 6.50 14.07 0.08 0.16 7.90 2.54. 4.79 2.88 
Soybean Till 32 AH 10/28/94 0.00 0.00 0.08 0.00 0.00 16.68 10.88 7.40 2.88 
Soybean Till 36 AP 06/08/94 0.51 4.22 7.09 0.00 0.00 38.72 17.26 10.44 2.88 
Soybean Till 36 BH 07/06/94 0.91 6.50 14.07 0.21 0.37 5.51 . 3.92 7.83 5.28 
Soybean Till 36 AH 10/28/94 0.00 0.00 0.08 0.00 0.00 20.45 16.53 13.05 528 
Soybean NT 2 AP 07/11/95 6.53 1.68 16.97 0.30 0.36 4.64 4.79 5.22 5.76 
Soybean NT 2 AH 10/25/95 1.50 1.87 1.87 0.02 0.06 9.28 6.96 2.61 5.76 
Soybean NT 16 AP 07/11/95 6.53 1.68 16.97 0.35 0.43 7.40 3.77 2.61 5.28 
Soybean NT 16 AH 10/25/95 1.50 1.87 1.87 0.00 0.01 8.19 6.45 2.39 2.88 
Soybean NT 20 AP 07/11/95 6.53 1.68 16.97 0.71 0.94 3.70 2.97 2.61 5.28 
Soybean NT 20 AH 10/25/95 1.50 1.87 1.87 0.39 1.22 9.14 6.53 2.39 0.00 
Soybean Till 4 AP 07/11/95 6.53 1.68 16.97 0.45 0.52 2.47 1.74 5.22 11.04 
Soybean Till 4 AH 10/25/95 1.50 1.87 1.87 0.00 0.01 9.14 6.67 3.92 2.88 
Soybean Till 18 AP 07/11/95 6.53 1.68 16.97 0.23 0.23 5.15 2.97 2.61 8.16 
Soybean Till 18 AH 10/25/95 1.50 1.87 1.87 0.00 0.00 9.43 6.67 3.70 2.88 
Soybean Till 33 AP 07/11/95 6.53 1.68 16.97 0.23 0.23 3.99 1.67 3.70 8.64 
Soybean Till 33 AH 10/25/95 1.50 1.87 1.87 0.00 0.00 6.89 5.00 2.61 2.88 
Soybean NT 14 AP 06/25/96 2.13 1.12 1.37 1.43 1.92 10.22 5.22 7.40 5.36 









































Appendix B Values of rainfall, residual soil nitrate-N and nitrate-N loss with subsurface 
drain water under com-soybean production system ( continued) 
Crop Tillage Plot# Growth Soil Rainfall in the period w.r.to Nitrate-N Joss with Residual soil nitrate-N at 
system! staget Sampling soil sampling date, cm subsurface drain Different depths, kg/ha 
Date water, kg/ha 
1- I-week 2-weeks I-week 2-weeks 0-15 cm 115-30 cm 30-60 160-90cm week after soil after soil after soil after soil cm 
prior sampling sampling sampling sampling 
Soybean NT 14 AH 10/17/96 0.48 4.75 6.86 0.00 0.00 13.70 8.05 7.40 5.36 
Soybean NT 25 AP 06/25/96 2.13 1.12 1.37 1.23 l.63 19.14 7.83 10.01 8.29 
Soybean NT 25 BH 07/22/96 1.19 1.09 2.36 0.00 0.00 5.00 2.39 7.40 5.85 
Soybean NT 25 AH 10/17/96 0.48 4.75 6.86 0.00 0.00 10.22 2.61 0.00 0.00 
Soybean NT 31 AP 06/25/96 2.13 1.12 1.37 1.12 1.51 10.01 6.53 12.62 8.29 
Soybean NT 31 BH 07/22/96 1.19 1.09 2.36 0.o7 0.08 5.00 5.00 10.01 8.78 
Soybean NT 31 AH 10/17/96 0.48 4.75 6.86 0.00 0.00 12.40 2.61 0.00 2.93 
Soybean Till 6 AP 06/25/96 2.13 1.12 1.37 1.00 1.30 15.66 6.31 10.01 5.85 
Soybean · Till 6 BH 07/22/96 l.19 1.09 2.36 0.00 0.00 7.40 3.70 7.40 5.36 
Soybean Till 6 AH 10/17/96 0.48 4.75 6.86 0.00 0.00 7.61 5.00 4.79 2.93 
Soybean Till 32 AP 06/25/96 2.13 1.12 1.37 0.23 0.24 15.44 7.83 12.18 8.29 
Soybean Till 32 BH 07/22/96 1.19 1.09 2.36 0.00 0.00 5.00 3.70 6.96 8.78 
Soybean Till 32 AH 10/17/96 0.48 4.75 6.86 0.00 0,00 13.70 6.53 0.00 0.00 
Soybean Till· 36 AP 06/25/96 2.13 1.12 1.37 0.92 1.10 22.19 15.66 15.23 11.21 
Soybean Till 36 BH 07/22/96 1.19 1.09 2.36 0.00 0.00 7.61 7.40 10.01 8.29 
Soybean Till 36 AH 10/17/96 0.48 4.75 6.86 0.00 0.00 15.44 4.79 2.61 2.93 
Soybean NT 2 AP 07/02/97 4.01 0.48 4.71 1.55 l.98 7.61 7.83 17.55 5.85 
Soybean• NT 2 BH 07/22/97 2.69 3.88 4.01 0.20 0.30 1.09 5.22 11.70 11.70 
Soybean NT 2 AH 10/20/97 8.08 2.67 7.21 0.27 0.35 8.67 12.83 11.57 0.00 
Soybean NT 16 AP 07/02/97 4.01 0.48 4.71 l.74 2.22 8.92 7.83 11.70 5.85 
Soybean NT 16 BH 07/22/97 2.69 3.88 4.01 0.13 0.18 6.31 10.44 5.85 5.85 
Soybean NT 16 AH 10/20/97 8.08 2.67 7.21 0.27 0.33 7.51 25.64 17.09 11.36 
Soybean NT 20 AP 07/02/97 4.01 0.48 4.71 3.40 4.28 13.05 13.05 11.70 5.85 
Soybean NT 20 BH 07/22/97 2.69 3.88 4.01 0.66 1.05 11.75 13.05 11.70 5.85 
Soybean NT 20 AH. 10/20/97 8.08 2.67 7.21 0.83 1.08 5.15 20.24 28.48 5.51 
Soybean Till 4 AP 07/02/97 4.01 0.48 4.71 0.96 1.29 10.44 7.83 17.55 11.70 
Soybean Till 4 BH 07/22/97 2.69 3.88 4.01 0.00 0.00 3.92 0.00 11.70 11.70 
Soybean Till 4 AH 10/20/97 8.08 2.67 7.21 0.23 0.24 12.54 13.08 17.16 5.64 
Soybean Till 18 AP 07/02/97 4.01 0.48 4.71 0.72 0.91 5.00 2.61 5.85 5.85 
Soybean Till 18 BH 07/22/97 2.69 3.88 4.01 0.00 0.00 10.22 2.61 16.58 5.85 
Soybean Till 18 AH 10/20/97 8.08 2.67 7.21 0.04 0.04 13.62 15.25 34.21 16.78 
Soybean Till 33 AP 07/02/97 4.01 0.48 4.71 0.82 1.02 8.70 5.22 11.70 5.85 
Soybean Till 33 BH 07/22/97 2.69 3.88 4.01 0.00 0.00 10.22 2.61 5.85 0.00 
Soybean Till 33 AH 10/20/97 8.08 2.67 7.21 0.12 0.12 5.00 7.73 5.80 5.45 
Soybean NT 14 AP 06/17/98 4.65 3.25 5.29 5.51 8.82 8.05 5.22 7.83 5.85 
Soybean NT 14 BH 07/15/98 0.43 0.64 0.68 0.23 0.24 3.67 3.78 7.40 5.71 
Soybean NT 14 AH 11/07/98 0.00 2.11 2.11 0.50 0.88 6.42 5.15 7.52 2.74 









































Appendix B Values of rainfall, residual soil nitrate-N andnitrate-N loss with subsurface 
drain water under com-soybean production system. 
Crop Tillage Plot# Growth Soil Rainfall in the period w.r.to Nitrate-N loss with Residual soil nitrate-N at 
systeml staget Sampling soil sampling date, cm subsurface drain Different depths, kg/ha 
Date water, kg/ha 
I-week I-week 2-weeks I-week 12-weeks 0-15 cm 115-30 cm 130-60 cm 60-90 cm 
prior to after after after soil after soil 
sampling sampling 
Soybean NT 25 BH 07/15/98 0.43 0.64 0.68 0.09 0.09 6.21 
Soybean NT 25 AH 11/07/98 0.00 2.11 2.11 0.28 . 0.46 9.02 
Soybean NT 31 AP 06/17/98 4.65 3.25 5.29 0.03 0.04 9.14 
Soybean NT 31 BH 07/15/98 0.43 0.64 0.68 0.12 0.22 7.49 
Soybean NT 31 AH 11/07/98 0.00 2.11 2.11 1.03 1.03 11.91 
Soybean Till 6 AP 06/17/98 4.65 3.25 5.29 5.70 9.18 13.27 
Soybean Till 6 BH 07/15/98 0.43 0.64 0.68 0.04 0.04 9.74 
Soybean Till 6 AH 11/07/98 0.00 2.11 2.11 0.34 0.57 7.53 
Soybean Till 32 AP 06/17/98 4.65 3.25 5.29 5.54 8.87 8.70 
Soybean Till 32 BH 07/15/98 0.43 0.64 0.68 0.00 0.00. 4.79 
Soybean Till 32 AH 11/07/98 0.00 2.11 2.11 0.14 0.18 8.19 
Soybean Till 36 AP 06/17/98 4.65 3.25 5.29 6.95 11.28 9.35 
Soybean Till 36 BH 07/15/98 . 0.43 0.64 0.68 0.00 0.00 8.57 
Soybean Till 36 AH 11/07/98 0.00 2.11 2.11 0.28 0.48 11.06 
t AP = After planting; BH= Before harvesting; AH~ After harvesting. 
t NT= No-till. 
3.89 5.07 5.68 
6.37 5.22 2.81 
5.22 7.83 5.85 
6.43 7.73 8.69 
6.63 7.84 2.87 
12.83 13.05 8.29 
6.33 7.28 5.59 
5.20 5.10 2.83 
9.57 10.44 8.29 
2.52 4.95 5.63 
5.38 5.19 2.75 
8.92 10.01 8.29 
5.00 10.16 8.66 
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